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“NOURSES on various subjects in the vast domain of 

Measurement and Control are multiplying in all in- 
dustrial centers. Many of the new technical books devote an 
increasing proportion of their chapters to industrial instru- 
ment subjects. There are more articles on such subjects in 
the current issues of the technical journals than there were 
, all the issues of these same technical journals that came 
ff the presses in 1925 or even in 1980. 

[his suddenly intensified interest in instrument education 
nd training is all for the good of our nation and of our 
American way of life. It foreshadows faster and faster 
yroduction, with fewer and fewer man-hours to make each 


vun or other unit of 


... But Instrumentation Is a Science 











pelting with rotten eggs the handful of pioneer builders of 
the bandwagon. Well, that’s the way it goes in a world of 
non-angelic human beings. The only thing we 
do is to accept as members of our once-exclusive club those 
who have crashed the gate. Since they have enrolled as ac 
tive workers, teachers and writers, in the they 
now deserve our encouragement and our ungrudging assist 
ance. I disagree with my fellow-pioneers who explode with 
“ignoramuses are being put in 
ignoram- 


pioneers can 


good cause, 


anger because, as they say, 
charge of ESMDT instrument courses and othe 
uses are writing and publishing a lot of tripe.” 
friends of mine take the viewpoint that improvised courses 


These good 


and hastily-prepared 




















production. It fore- . texts are worse than 
hadows a high Variables M thods | Measuring Automatic nothing. My view 
American standard " oR 1“ C + point is that in this 
f living after the Measurables Choices | Properties Contro] emergency anythi 
a pos OR, IF POSSIBLE ————— | of the addenda a et Madi diatiateal 
lefeat of Hitler and Controllables | Continuous Primary Ch t ! J is better than noth- 
Hirohito when Amer- —$<$<$$—$$—$—— | Discontinuous Measuring arae r ; J ing. One of our mis- 
ican indust ry will Simple Magnitudes ests a eristics | Time S1oOnS aS pioneers, 
again face a big job. Siceale Catt tles 1 Nuld on or system f ‘elements however, is to hold 
mple Qu anaes 0 

rhis awakening is | Deflection Statye: The fast to the custodian 
gratifying to those il Sc | Di aie | Sertaie Record ied ship of Instrumenta 
i cena ack ren pe e nm | Direct oR mn : a tance. to 
i ni pon ce gr Chemical Indirect Seale \aw 2) — " . as Ae : ne ‘ : 
it ten years ag € a Readability Trans- pris its 1old up le torch Oo 
hundred of us at the aa Positive on etc. mitting, ¢ Mode sound scholarship as 
most). It is gratify- Conditions Inferential Kinetic: 0 an ideal, to maintain 
ng 0 ten or iteen | Femparature | IT Sensitivity [Register| Final | gf | and strenetin the 
0 Ss W yreacne? “ = me, oundation on which 
it and worked for it Pressure (Vacuum) | 'Rapid”’ or — _ 6 Element all newcomers may 
ten years ago. It is Level Slow P + (’ build, to continue 
vali Suinnt 4 b Fluid Quantity " Drift ete, or {0Y1- ) a 
gratifying to me be- R Cheap” or sowing seeds unself 
cause eighteen years Fluid Flow Rate > “Expensive” Coefficients System tro] ishly so that others 
egg ge ati Duration (x Trogren ete. Elements sake conmnedalie’ 
undertook to bring pg a of Medium “Readily ., ur -¢ th assert that all points 
it about, my efforts Elec. Conditions available” ere 15 A of view can be recon 
were opposed or rid- Light, x-rays, U-v.,&e, sis word ‘seruraey"?) ciled if all workers 
iculed by all but one Composition | | from green appren 
of the educators, en- m B tices to scholarly 





























gineers, manufactur- 
ers and publishers 
whom I approached. 
Even the kinder ones 
balked at the word 
‘instrumentation.’’) 


A science, according to the Standard Diction 
lated and arranged in a rational system.’’ Ir 
any user of these things says it means; but 


Here is one of the abridged outlines of one 
authorized by The Instrumentation M 


Although the picture is good on the whole, it is far from 
being excellent when scrutinized closely. In the first place it 
s sporadic, spotty and jerky. Professor Miiller (one of the 


far-seeing pioneers) pointed out in last month’s issue of 
‘instruments that “even in a single field, it is remarkable to 
te how many capable investigators are not fully acquaint- 
| with the measuring and instrumental resources of their 
vn subject.” He was referring to the field of Instrumental 
lethods of Chemical Analysis which he had ably reviewed 
Industrial & Engineering Chemistry last autumn—an 
ity-eight page review of that single field! 
In the second place it is largely a rush to climb on the 
ndwagon. Some of those who sit smugly on top and smile 
to camera lenses are the very ones who just got there by 
Wing and jostling—the very ones who yesterday were 


knowledge formulated and methodically arranged by The Instrumentation Manual Project 


anual Project but 


professors recognize 
the 
tween instrumenta 
tion and Instrumen- 
tation—between the 
array of gleaming 
dials proudly shown to visitors and the mental 
which made possible this glorious phase of modern 
can technology—between the things and the 
I believe that most newcomers recognize this distinction. 
I believe that most of those who teach classes, write 
or compile texts are honestly and taking 


ary, is “knowledge . . . methodically formu- 
istrumentation as things may mean whatever 
Instrumentation as a science is the body of 


distinction be 


formulation-and-arrangement. (Promulgation 
all rights reserved.) 


concepts 
Ameri- 


science, 


articles 


hold of 


sincerely 


the vocational nart of the enormous job, without trying to 
pose as men of science. I salute them! Moreover, to aid 
those among them who burn with the holy fire of love of 
science, there is published for the first time one of the basie 
formule which I develoned between 1924 and 1927, when I] 
had to prove that the formulation of a new science, to be 
called “Instrumentation,” was not a wild dream but a useful 
project. This formula needs a key. The key (one word to 
the wise) is Me thodology. MFR 
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Vibration Generator 


New Vibratror i i ibration-producing 
hir fatig testir rer t n 
industrial | i t | prod bration 
0 t «6 time gravity, has frequen 

inge fro 600 t 10 cyel per minut 
idjustable while n hine 1 in operation 
Calibrated peedometer ha 2% icCuracy 
Amplitude i iriable f t to 0.250” total 





pea to trough, continuously iriable b 
mear f i dial resettable te 1 . Cast 
aluminur Vibrating test table is 6” square 
ha i multitude of hol to facilitate quicl 
chang f products under test, carries up t 
10 Ib t maximum vibration, Machine i 
pprox Sf t long and weighs 6 Ibs. witl 
q hardw 1 t equipped with handle 
na unker {  S until iY t n it 
[ I rT inchorir Ww nr t 
Standard 1 lel perate fi 105-120 volt 
60 « | ] § Products, In j N 
Slie i Blwd Chice Il 


Recording Viscosimeter and 
Specific Gravity Meter 
Continuous measurement of the viscosity 
and specific gravity of all types of liquids 
is 1id to be made possible with a new re 
cording instrument (name not given in ar 
nouncement) which was origi 
nally designed for measurement 
of fluids used in drilling oil 
wells but has been successfully 
idapted for use in other indus 
tries \ continuous record of 


viscosity ind specifi gravity 
i t rded na l?2 {-hour 
round chart Viscosity is 1 
corded in ntipoises f ab 
lut isc itv and tl gravity 
in Ib ft Ibs. /gal r specific 
ivity. Viscosity 1 urement 
l iu“ mplist 1 by i n tl 
nari l lid metall rot 
n tl base f the rot is 
mbl that 1 ubmerged I 
fluid t i minimum of 4 
l" kept t Ivin it 
tar I I pnrox 
rey b vnel I 
r nsid 
) x t t na 
t yuid be 
tw t t T 17 
r { ¢ 
! il I 
' ’ t T 
t Tr 
It } 
T Ww t 
H 
1 dept ‘ ; 
14 we (Cw I , « l 
l Instrt ( 7 st 
a = { Coali# 
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In this department we strive to 
report each month ALL the new 
devices for measurement, inspec- 
tion, testing, metering and auto- 
matic control. 


When writing to manufacturers 
directly, please mention this de- 
partment as your source of infor- 
mation. Or write to Information 
Section, Instruments Publishing 
Company. 








Combination Dynamometer 


New 1000-lb. “Model STB” (illustrated) 
ind “STA” for higher tensions, provide for 
the first time, it is said, a combination 
hunt ind traction dynamometer. Instru 
ment slips over established overhead wires, 





messenger and guy stands, ete., with a flick 
of the wrist and shows tension in pounds 
in less than 60 seconds. For traction read- 


ing, top bridge is removed and interchange 
ible shackles inserted. Inner row of re 
figures gives shunt readings; outer row of 
black figures gives traction readings W.C 
Dillon & Co., Inc., 5410 W. Harrison St 


Chicago, Ill 


Adjustable Limit Snap Gages 


Manufactured in the United States in ac 

rdance with American Gage design stand 

rds, Atlantic Adjustabl Limit Snap 
Gages are built with frames made of Me 





( I nst i f ina 
i I ted ft i 
! t r b 1 
, j wit it w pir 
’ T \ nt if 1 
\ nd 1 t I “Model A 
\ b , nd “M r 
I ltw gin vil r} 
w ! thirty diffe nt 


Vew York City. 





Grille Jet for Air Velocity 


Indicator 


New “Intake or Exhaust Grille Jet,” 
veloped for use with maker’s ‘‘Velomets 
has two calibrated air intake openings. ¢ 

ilibrated opening is at end of main me 
ber which forms a compensating tube 
extends from grille face outward from 
beyond critical suction zone, i.e. the z 





where i1ir pressure changes most rapid 
from static to velocity. At right angle 
this main member is a branch tube, al 
calibrated, to which is attached the flexib 
tube connecting jet to Velometer. The 
ictuating the Velometer movement is lh 
spirated through this branch tube by tl 
suction exerted upon the main member 
compensating tube. This intake jet is offer 
in two size low velocity of 54” OD tubir 
for full scale ranges of 0 to 1000 f.p.m. ar 
high velocity of s” OD tubing for scal 
ranges of 0 to 2500 f.p.m. and higher. 
Illinois Testing Laboratories, Inc., 420 N 
LaSalle St Chicago, Ill 


Recording Viscosimeter 
New recording viscosimeter is suitable ft 
all materials of a viscous or light plasti 
nature, whose properties have to be test 
with the additions of thinners or plasticiz 
ers, or whose thixotropic effect is important 
and generally speaking, wherever it is dé 





bl to obtain a record, in chart forn 
viscosity of a material, Its principle 
to turn the material it a constant sper 


I 1 strip chart the resistar 
offered by the material against 1 pad 
whict is coupled with a calibr ited res 
nce prir Instrument is highly flexibl 
ix different but constant speeds fre 
to 300 r.p.n ind can be supplied wit 
l librated resistance springs of 
rent 1 tance—light, medium and heavy 
riety of paddle adaptations can |} 
d. Two models one without and o! 
with temperature control Brabender Co 


ius 


BAIL RE RE. 





a a oe 





Turbine Governor Perform- 
ance Analyzing System 


ew system whereby the operation of 
ponent parts of turbine governors 


he inalvzed comprises several new 
ments whose information is relayed 
eallvy to an oscillograph for simul- 


ae a 


is record, One instrument is a valve 
recorder whereby valve movement is 





MES, 





nslated into a proportional electrical volt- 
by a magnetic strain gage. One diffi- 
ity that was overcome was the extremely 
ide range required: it must record accu- 
itely is little is 0.05” of travel, or a 
iden full travel of 8”. Other instruments 
ultaneously record the several oil pres- 
res involved in the complete control sys- 
A bellows on another strain gage con- 

rts pressure changes into proportional 
yitage changes, is fast enough to record 
iriations in pressure lasting a sixtieth of 
second Westinghouse Elec. & Mfa. Co., 


i) 


Rast Pittsburgh, Pa. 


Photoelectric Smoke Alarm 


New “Type A25C” photoelectric smoke 
larm indicates degree of density of smoke 
ssing through stack, signals conditions of 
fficient combustion and excess smoke on 


pHOTOSWITCH 
QENSOMETER 
vadggiton cseorrest 





en and red signal lights. Equipment in- 
es photoelectric ‘control,’ light source, 
indicator. Photoelectric ‘‘control’ and 
source are mounted on opposite sides 
the flue or stack. Design of lens system 


ht 


inting is said to minimize possibility of 
ind dust gathering on lenses. Photo- 
rk ontrol” is wired to maker's Dens- 


ter “D4" which may be located at any 
nt in the plant. Photoswitch Ine., 21 
Stnut St., Cambridge, Mass 


TACHOMETERS 


FRAHM 





A Tachometer that requires 
no maintenance 


The “Frahm” Vibrating-Reed Tachometer does not even have to be 
oiled because it contains no gears, bearings, rotating or any other wear- 
ing parts,—nothing to maintain or even to wear out. There is no 
electrical system—merely a set of accurately tuned steel reeds which 
vibrate by resonance according to the speed at which the machine is 
running. Simply mount the Tachometer in almost any convenient lo- 


cation; the slight vibration in the machine when running does the rest. 


For more than 30 years we have supplied these unique it 
speed indicating devices for use on turbines, genera- 
tors, motors, centrifugal pumps and blowers. Ranges are 
available from as low as 900 up to 15,000 r.p.m. 


More recently our hand type of “Frahm” Tachometer is 
being used for general speed-measuring work, and also 
for measuring rates of vibration, such as in pneumatic 
hammers and drills and in airplanes. 


Write for illustrated descriptive Bulletin 1590-I 


CENTRIFUGAL TACHOMETERS 


We now offer a Heavy Duty Hand Tachometer 
of the centrifugal, pointer-indicating type. Sim- 
ple, rugged and reliable. Ask for Bulletin 1710-I. 
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Midget Relay 





Operation Speed 
Recorder 0". 


Built for se 











upply for operation of galvanometer 


Designed t I imu control 
Mid t Rela part larly ulted to 


raft ind i \ | Maxi 1 co! 
icit LDI x l wat t. 22 ve 
ck non-inductive 1. Manufacturer 
rt that ir ircraft ipplication 
nt t ? Y id t ire making 





vere service, Users 
report 10, 12 or more vears of breaking 3 amps non-inductive at 28 v 
trouble-free life. Powerful cen Maximum contact combination 
¥ | ; ! ble d-p, d-t Witl “-watt a) 
trifugal speed-measuring ele ' watt cou 
, a - . l-t ontact n the de-energized pi 
ment stays calibrated. Non-sp tior normally-cl 1 contacts withst 
nae i ‘ 2 ) alt te P aly | i Lif itth i 
re ee pen. opecial cnart vibratior of ix time ravity normally 
paper. Rugged clock movement per ntact withstanding 10 G. In 
Ideal fon analysis of new War energized position, contacts withstand 10 G 
Effort iobs Rel coil i ivailable for any voltage up 
It d maximun resistance 
Immediate and ntelligent hn iverage power requirements of 
te wil i VE to 1 bei ) t ‘ 1 
. é I yen watt Col and contact 
your inquiries on all indus- minal re older lug type, tinned for 
rial speed measurement : " < 
problems. D us a line lderiz Contact blade ire tinned ph¢ 
today. phor bronze with contact points of 
ilver Field piece ind armature ure 
Amthor Testing Instrument Co., Inc. nealed magnetic iron. Coil is varnish 
, a : , Brook! N.Y pregnated and baked. Weight with s-p. « 
) an Sir ren ve frooklwn ‘ 
1 Van lere! OKIYN, | contacts i .85 oz Guardian Electric Mfa 
Co 1621 West Walnut Street, Chicago, 





TRU-VAC 
VACUUM GAUGES 


(PIRANI TYPE) 


Shown at left is meter box of our 
model No. 6 gauge. 





This gauge successfully used by 
many of America’s foremost manufacturers. 


Send for circular on our new low priced D.C. operated gauge. 


CONTINENTAL ELECTRIC CO. 


GENEVA, ILLINOIS 














“Pointerlite Galvanometers 


field work, lack of an adequate po 
1 


prove a deterrent to the use of mal 


rular Spotlight” instruments Also, 


mav make inadvisable temporary 


ection of equipment to commercial sup} 


gnition of need for highly sensit 


instruments for such work, maker has 
l | Pointerlite” galvanometers. Ser 
r before attained in galvan 


designed primarily for portable 
ittained, it is said. New galvanome 
taut-suspension reflecting instrun 


quipped witl 1 self-contained multipl 
flection lamp-and-scale optical system 


cell of the standard flashlight ty 


operation of the galvanometer lar 
Indication i by means of a circular sg} 
light divided by a fine, sharply focus 
liametral line whose position can be re 


ise to within 0.2 mm. division. A ; 
r scale of 50 mm. divisions is provid 


Preliminary zero adjustment is made w 


idjustor head final adjustment | 


movement of the galvanometer scale. A pu 
button key is provided for controlling tl 
») circuit. A pointer index is attached 
galvanometer coil for use when max 


sensitivity of instrument is not 


quired. The associated scale is 30 mm 
length and is marked 15-00-15 All gals 
nometer systems—comprising magnet, c¢ 
suspensions and supports, pointer index a1 
associated scale, and focusing mirror, 
mounted in a cylindrical metal case pr 


with a molded Bakelite head wit 
1djustor—are interchangeable. A 

of characteristics is therefore obtair 
without the necessity of procuring se\ 
complete galvanometers. ‘“Pointerlite 


galvanometers in a slightly modified desis 
adapted for use as intergral component 
portable measuring instruments.—Rul 
Co., Ridge Ave. € 85th St., Philade 


Pa, 








ETCHED OR LITHOGRAPHED | 


OUR 30 YEARS EXPERIENCE 
ASSURES BEST QUALITY 
& PROMPT PERFORMANCE. 


21-03 44TH AVENUE 
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Instcument DIALS AND SCALES 


N ALL FINISHES 





PREMIER METAL ETCHING COMPANY 


LONG ISLAND CITY, N.Y. 
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CO Recorder 


Spot Weld Timer 
New M.S.A. Continuous Carbon 


Mon 


X 1c 


A typical resistance-welding cycle may 

t from 0.1 sec. to 3 or 4 sec. depending Recorder is designed to provide extremel)s 

kind and thickness of metal total time precise measurement and recording x 

further divided into various int rvals in tremely low concentrations of irbon or 

ich welding machine goes through its oxide in air. A refinement of the origir 

rating sequence, and includes a ‘weld M.S.A. Carbon Monoxide Recorder, new in 
strument finds applications in continuous 


ind gases 


testing of 
including use in 


itmospheres 
vehicular 


tunnels 
appliances 


rages; testing of gas-burning 


full welding 


material i 


period (3 to 30 cycles) when 


Sometimes the 





for 
int 


1 





© 


j 
I 





velded not in one, but in several heatil n 
nd cooling steps intermittent \ con test ft vari \ for | 
troller for this surfice has an “overall weld O contamination nd for control pi 
timing sequence, subdivided in several “heat tices In manufacturing processes wh ( 
nd “cool” steps, each ranging from 3 to : ave Ran ind sensitivity can be 
eyele This timing is now done by ; { to suit condition ind results de 
ew controller using plug-in telephone typ: red, Where sensitivity is of prin Imipor 
elays for compactness, and Thyratron tubes r » calibration vers a Anse ct 
tuate them. The operator, in order t ppm, Where wider range i Ired 
tablish the automatic timing sequence fot nstrument can be librat i 
job at hand, simply places the plugs ir ws SN , I Vine 
he proper holes in the panel of the con sayel ippliances Co., Braddoc I 
oer. The controls are mounted on hinged d Meade Sts., Pittsburgh, Pa 
lead-front panels, which, for maintenance 
n be swung open by removing a singlk ‘<< . 9 
pdih«<Wastinighewer Bist. & Mfg. Co,, Hast Snap-Action” Relay 
tsburogh, Pa New “Type 17 in exceptionally ll 
(2%" X 2% «2 ) and light-weight 
I for d control of a-c. circuit l ~ 
P P li nap-action contacts (single-pol ranged 
yrheliometer sai: dais. see: seabihincial ahGnalian aaaian te 
In the new G-E pyrheliometer, the radia relay operates). Snap-action contact ire of 
tion receiver proper is a thermocouple con large capacity will “‘make 1150 watt 
prising two flat rectangular pieces of a break’’ 690 watts, at 115 volts, Rel 
ckel-chromium alloy and a copper-nickel 
illoy, each 50 millionths of an inch thick 
Lf long ind 5/64” wide joined end to 
end. The outer ends of this strip are weld 
1 to be especially adapted fort ppl 
I involving xtre! hu lit 
b Coils are impregnated with ir t 
I ni ind ! unaff t 
1 to vertical lead posts that lead to Impregnation also } 
tem which is wired for hookup to a milli ment I windin nae bra I 
oltmeter. The end of the stem to which the ' locked int rist 
sts are attached then is sealed into ar ut 
cuated glass bulb which in its latest I rr tw na} 
I is a sphere about 2” in diameter. The ' pplied. O 
pyrheliometer is mounted vertically in a ip} with on nay 
fixed position with the thermocouple ribbor ntact ir I 
parallel to the earth, » that the solar ray Contact sprit 
will strike this receiver at the same angle \ cor Lu 
they would hit the eartl General El WW Var S ( 
e Co., Schenectady, N. } ] 
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CONTROL 


The Mark of 
Effective Control 








Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level.flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 


No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 
cating, recording and 


integrating the flow of 





steam, water, sewage, 


air. gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts. liquid level and othe: 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 





general wa with instruments can quick] a different type of float and cable mec} 


Microphotometer learn to use new micrephotometer Leeds ism, using a large double drum. Move: 


t 





New Knorr-Albers Recording Micropt & Northrup Co., 4934 Stenton Ave., Phila of cable drum is transmitted to pen n 
tometer provide 1 rapid and convenient delphia, Pa anism through a precision gear tr 
nethod for analyzing spectrographic plat equipped with anti-backlash gears. Stand 
r fil in researc ind industrial labora ranges are from 0-5 to 0-30 feet. 

ries, Because lates or films are mechar | at. d " 3 Vulti-pen Recorders, including one fi 

, cause plates or films are mecha rieatoperated inetruments§ icin oseraned aucune stom 

it nd relative positions and densities \ complete line of new float-and-cable other measuring systems for temperat 

perated instruments for flow ind liquid pressure, liquid level, or flow, are all ay 
level measurement, telemetering and con ible through the combination of stand 
trol, with both air and electric operation, Foxboro instrument units. For example 
is announced. Illustrated is Flow Mete record of wet well level is combined w 
which has a new simplified cam mechanisn records showing the operation of seve 
designed for use with the integrator and pumps. Float-and-cable operated instrumer 
recording units which are standard in othe: for either flow or liquid level measurem« 
Foxboro instruments. Standard models are can be combined with any of the stand 

Foxboro air-operated control mechanisn 





or for pumping control, float-and-cable 
erated instruments are also available w 
Rotax electric-operated systems The F¢ 
boro Co., Foxboro, Mass. 


25-watt Armored Rheostat 


Constructed to withstand exceptionally 
hard usage, particulariy where the unit 
exposed, new 25-watt armored type powse 
rheostat is standard equipment in certair 
types of fighting aircraft. Photo shows pe} 














spectrum lines are 1utomatically recorde 
b ker Speedomax Recorder new 1 
cordin microphotometer lit nates ey 
tral nd ‘human equatior of visu 
t Is and “ LW witl lel il 
limitations of photographic processes. Quicl 
leterminations | of elements “present i 
ill percentage re made possible b 
pen-and-ink records of standard and te 
pectrograms drawr t high speed on ne 
nart Designed te iccommodate plates 
films as large a i” high by 10” wide, scar ivailable for V-notch, rectangular, or Sutro 
ning unit include on a heavy cast bass weirs and Parshall flumes, with uniformly 
in optical system, a plate stage, a driv: graduated charts, and with indicating scales forated metal housing and flat lug tern 
mechanism for the plate stage, an a-c. oper reading directly in flow units, and with nals brought out at rear of casing. Front 
ited amplifier and all necessary control lirect-reading integrator with cyclometet face has locking pin which engages a hol 
iped conveniently. In indicating and rs type counter, Complete overrange protection in panel or mounting surface to preve1 
ling relative positions and densities of is built in on the cable drum and instrument turning unit when knob is turned. The % 
pectrum lines, response of Speedomax r¢ im. There is a large external micromete1 bushing and nut provide one-hole mounting 
order to density changes is immediate and for easy and precise zeroing in the field. New unit employs insulated metal core t 
ipid in less than 1.5 seconds the per Cases are cast-aluminum, weatherproof and support the winding which is imbedded ir 
noves from one position and comes to rest gasketed, and designed for floor pedestal, in inorganic cement. Even at one-third t 
t its new position (even across entir« wall, or flush panel-mounting. All metal tal resistance, the unit dissipates a full 
width of the 9” chart). Pen position can parts of the instrument are brass, stainless watts. Units are available in standard r« 
be read at a glance on an indicating scak steel, or nickel-silver, for high-corrosion re- sistance values of 1 to 5000 ohms, oth: 
is the record is being drawn. No unusual sistance. values on special order.—Clarostat Mfg. C« 
Kills are required inyone familiar in Liquid Level measuring instruments have Inc., 285-7 N. 6th St., Brooklyn, N. Y. 





A New STAR to Follow in 1942 \y '- 


_————————— 
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—— — — 
ECONOMY! ag \\ 


“TWWW\S 
A paramount issue of the Day / 





' 
Palmer Thermometers, made with extren are, by skilled American workmen, mean extra 
Careful annealing, v h is a feature of ¢ Palmer Thermometer, gives you a round dollar value, which should 
And "'Red-Reading-Mercury’ . the easy to read RED column, costs you extra. Buy thermometers that will give 


WRITE FOR CATALOG & PRICES 


THE PALMER CoO., Mfgrs. 


Industrial, Laboratory, Dial and Recording Thermometers 
2511 Norwood Ave., Cincinnati, Norwood, Ohio Canadian plant: King & George Sts., Toronto 
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Series 


energized, o1 
energized, 


Surface Thermostat 


i'nderwriter’s approved adjustable 


wew 

hermostat, “Type ASK-BB,” comprises a 
bimetal element mica insulated from a 
spring. Large silver contacts and two 


lated mounting holes are also provided. 


iximum operating temperature of 


1m 





10°, 450° or 700 F., unit handles 1500 
itts at 150 or 230 volts a.c. Can be sup- 
1 either normally open or normally 
sed type. Temperature setting by simple 

ljusting screw. Overall dimensions 25,” 
Especially idapted for use on elec- 
ically heated cabinets, flat irons, rubber 
uleanizing equipment, radio transmitters, 
labeling machines,*electric air- 


itomatk 
lane heaters, ilarms, ete. 


New- 


temperature 
George Ulanet Co., 88 EH. Kinney St., 


wk, N. Je 


Vibration-resistant Relay 
New Vibration Resistant Re- 
lay is designed for applications 
iircraft, generator mountings, etc. 
data on performance: Tests by the 
laboratory of an airline disclosed that 
165 with two normally-open contacts 
withstand 16.2 times gravity with- 
contact when the coil was de- 
breaking contact with the coil 
Manufacturer claims that 16.2 G 
vibration resistance of re- 
maximum obtainable on 


“Series 165 
such as 
Quanti- 


ative 


vould 
muut making 


is not m 
lay but 


iximum 
represents 





ting Vibration life tests by an- 

production model (since 
required 230 hours of continuous 
ibration at 110 cycles per second with re- 
two positions 90° apart, be- 


machine, 
er user on a 
mproved) 


¢ 


iy tested in 


& it became inoperable. These relays aré 
id to be entirely insulated from ground 
vith insulation withstanding a minimum of 
00 volts. Field piece and armature are of 
nnealed magnetic iron, Tinned phosphor 
bronze blades carry heavy fine silver points. 
\ll contacts are connected to tinned solder 
igs. Contact combinations up to d-p. d-t. 


re available, with contact capacity up to 


12.5 amps per pole at 110 volt, 60 cycle, 
on-inductive a.c. Contact rating for air- 
raft use is 8 amps at 24 volts d.c. Other 


oltages and contact combinations are avail- 
ble. On inductive are 
metimes recommended to suppress arcing, 
eir value being determined by test, Over- 
ll dimensions are 214” 1-9/16” K 15%”. 
Veight (d-p. s-t. contacts) : 5 oz.—Guardian 
lectric Mfg. Co., 1621 West Walnut Street, 
hicago, Ill. 


loads, condensers 


NEW! Wide-range 


frequency standard! 


Measure frequencies accurately —in less 
time. New Western Electric instrument 
weighing only 150 Ibs.—measuring only 
28" x 21x 15" —has all the features of 


the old bulky types and more! 


Compact 
assembly gives ! 







frequency accurate to one part per million 


Read these features of the Western Electric 
Frequency Standard Assembly. 

(1) Frequency Standard and Harmonic 
Generator (lower panel) gives stable signal 
—harmonically rich or sinusoidal. Funda- 
mental output frequencies of 100, 50, 20 
and 10 ke. Harmonic output te 1000th har- 
monic. Accurate to better than | part per 
million without temperature control. 

(2) Reference Frequency and Hetero- 
dyne unit(center panel) —crystal controlled 





oscillator circuit: modulator and amplifi- 
ers. 8 crystals give fundamental frequencies 
from 2 to 10 megacycles. 

Unit 


panel) gives direct frequency reading of 


(3) Frequency Indicator (upper 


input signal from 0 to 100,000 ¢. p.s. 
Send for details. Write to: 
Efectrical Research Products Division 
Western Electric Company 


76 VARICK STREET, NEW YORK, N.Y 








IMPROVED 
“SPOTLIGHTS” 





Rubicon MULTIPLE REFLECTION galvanom 
eters have recently been much improved through 
redesign of optical system. The definition of the 
line-image is now so sharp that readings can be 
estimated to .1 of a millimeter division. 

These sturdy self-contained galvanometers are 
available with sensitivities as high as 5 x 10-% 
ampere and 1 x 10°® vole per millimeter division. 


ASK FOR BULLETIN 320 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia, Pa. 


Galvanometers, Electrometers, Potentiometers, 
Colorimeters, Wheatstone & Kelvin Bridges, 
Resistance Standards, Resistance Boxes, Coil 


Testers, Clip-on Ammeters, etc. 





YOU CAN PREVENT... 
COMBUSTION EXPLOSIONS 
regardless of fuel burned 


The 
Wheelco 





—provides instantaneous shut-off of 
fuel supply in case of flame failure 
It is the only combustion safeguard 
approved by both the Underwriters’ 
Laboratories and the Associated Fac 
tory Mutual Laboratories for all 
types of fuel. The FLAME-OTROL 
is available with automatic or manual 
ignition, time delay for purging, o1 
any other sequence of operation de- 
sired. 
Bulletin L2 gives 

complete information. Request your 


FREE copy TODAY! 


Wheeles Insthuments Co. 
833 HARRISON STREE 4 LINOIS 
INSTRUMENTS 


February 1942 














High-pressure Liquid Level 


Controller 











i 
' 
‘ 
i 
é 
! 
! 
peratu F, to 900°F Electrical speci 
ati tior 1 p it 1 volts 1 < 1 
m4 it ( It r { my it 450 volts 
( witctl iction ft custome! pecific 
tior Operating differential 1” min., 1% 
ix Fred H Schau Engineering Co., 
| Huron St., Chicago, Ill 


High-pressure Condensate 
Return System 


] ential engineerin features of new 
Cochrane-Becker high-pressure condensate 
retur! yvster ure ductor principle of 
operation insure thorough condensate and 
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l Additional volume of returned 
condensate introduced into constantly-filled 
loop results in discharge of an equal vol- 
ime throug! il! separator to boiler 
Cochrane Corp 17th St. and Allegheny Ave 


p., 
lelphia, Pa 


Phila 
Amplifying Comparator 

New No. 26 Amplifying Comparator’ is 

of extra-heavy construction with unusually 


large base, column, et to eliminate ill 
pring. Fine adjustment of indicator is mad 





by moving dial with outside lever. Adjust 
ible stop assembly helps locate work on 
hardened and ground anvil. Total height 
15”, base dian 11”, total measuring « par 
ity 6”, fan head total range 0.002”, distance 
from contact to front of post 3144”, anvils 
2%" 344”, special anvils to order. Approx 
weight 4( Fan head is maker's No 
1409 Dial Indicator 
graduations about %%,¢ 
Co., Waltham, Mass. 


with ten-thousandth 
” apart B. C {mes 


Galvanometer Shunts 


(1) Ayrton-Mather Universal Shunts con- 
sist of a series of resistances so arranged 
that sensitivity of shunted galvanometer 
may be conveniently varied in accurately 
known itios by 1 multi-contact rotary 
switch. Standard multipliers are 0, 1, 10, 
0, 1000, 10000 and Infinity Five model 





nt , ) ter 
) ) l 10 
( ( penst 1 { Tl 
t f t Avrt tv pe wit 
dit T pl ! tl tr resistance rf 
th inte t viewed by tl 
y nt , netar for 1] i. 
tiplier 1 itior \ t t} ci for 


which this type of shunt is particularly 
propriate are those employing photosensit 
elements in which the current output va 
over very wide ranges. Although validity 
multiplier vaiues in compensated shunt 
independent of galvanometer characterist 
each shunt can be resistance-compensat 
for only one particular galvanometer res 
ince. These units must, therefore, be « 
structed to order for the individual galy 
nometer with which they are to be u 

Rubicon Co., Ridge Ave. & 35th St., Ph 
delphia, Pa. 


Voltage Regulator with 
Inverse-time Relay 


New step-type voltage regulator is } 
vided with a primary relay which has 
lective timing response. When a “smal 
voltage change occurs, it is said, the rel 
takes its time about operating so that 
voltage comes back to normal “after 
short while,” the regulator is saved an 
eration. If the voltage change is “large,” tl 
relay speeds up, so that the regulator 1 
sponds more quickly after the variation 
voltage has occurred. New method thus dif 
fers from old method in which time del 
is constant. New relay enables the regulat« 
to give better service and insures again 
unnecessary tap-changing operations. Pr 
mary relay proper is similar in appearan: 
to an over- or under-voltage protective re 
lay, and is approx. 7” on a side. It operat 
on the induction-disk principle and has 


damping magnet so that an inverse-time 


characteristic is obtained. Line-drop con 


pensator is built into the relay and is set 
by means of a single knob. Relay beings 
compensated for a wide range of ambient 


temperature, it can be used for pole-mounte: 
installations Westinghouse Elec. &€ Mfg 
Co., East Pittsburgh, Pa. 


Oil-filled Plug-in Capacitors 


To electrolytic and wax-filled paper types 
there is added a new “‘Series-72” oil-impreg 
nated oil-filled capacitor with four-pin base 
that fits into a standard UX socket, as dis 
tinguished from the octal base of other 
plug-ins. 


ow 9 >” 


2144” and 3 diameter sizes 


from 214” to 4%” high, is provided with 


in come in 


mounting ring with lugs, so as to be held 


securely in place and in accordance witl 
Available ir 


requirements, 


Underwriters 





ection units u} to 16 mfd ind } 


1-4-4 mfd. in multiple-section units, 
ith the 100 and 600 v D.C.W,. ratings 
icitors are suitable 
f juipment used by Army, Navy, police 
broadcast stations, public address and sound 
movie systems and said to be ideal for air- 


Zz, 


t ra i receivers and 
transmitters are not available but wher 
prompt servicing of single units is abso 
ely essential. UX base 
sertion of the capacitor into the circuit 
lerovox Corp., New Bedford, Mass. 


insures correct 


@ 
‘ 
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Aluminum-sprayed tin-plate round 


SN ee 








Ve ee eee 


ae 

















ore 









FOR READINGS TO VERY SMALL 
FRACTIONS OF AN INCH! 


RIMOUNT builds a complete 

line of Inclinometers for ex- 
tremely accurate readings of low 
positive and negative pressures. 
Long tubes with small differential 
permit readings to very small frac- 
tions of an inch. Typical instru- 
ment is a 48” test manometer with 
2 tubes for reading from zero to 
12” with calibrations of 1/100”. 
Others have finer calibrations, any 
required range. All models have 
Pyrex tubes, leakproof gland 
packing and large wells visible 
for zero adjustment by external 
screw controlling displacer in 
well. Instruments are leveled by 
a micro screw adjustment. Write 
for full details, outlining your 
requirements. 


WRITE FOR NEW BULLETIN! 
@ New Trimount Catalog describes full 
line of Trimount Manometers, Flou 
Indicators, Tank Liquid Level Gauges, 
etc. Free on request. 


TRIMOUNT INSTRUMENT CO, 
408 S. PLYMOUTH COURT 
CHICAGO, ILLINOIS 


TRIMOUNT 































For Extremely Close 
Temperature Control 


Visual-Stats 





DETR OO OR, 











. Sensitivity of a hundredth of a degree 
easily attainable. @ Top of mercury 
olumn visible at control point (where 
ost important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(lustrated) or conventional straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
515 Filbert Street “t Philadelphia 


Oldest Thermometer Manufacturer 
in Philadel phia 








“Electronic” Multitester 
New “Electronic Multitester Model 662, 
is an “electronically operated” high-sensi- 
tivity, multi-purpose instrument said to be 
particularly well adapted to 
of industrial laboratories and testing d: 
partments. It provides a total of 27 meas 
urement voltages, 
d.c., up to 6,000 volts: 


requirements 


both a.C. ind 
resistance to 1,0 


ranges: 


megohms; capacities to 2000 fd. The low 
ranges for each of these 
such that 


tvpes of measure 


ment are values as low as 0.1 








volt, d.c., 1.0 volt a.e., 0.2 ohms and 30 wufd 
ean be read directly without interpolation 
or estimating fractional scale divisions. Any 
one of the 27 ranges is selected by means 
of two rotary switches, one of which selects 
the type of measurement desired, the other 
the numerical range. Indicating instrument 
is a 4144” square type d’Arsonval microam- 
meter guaranteed accurate within 2% of 
full scale. Protection is provided to avoid 
possibility of burn-out or other damage to 
this instrument through improper range se- 
lection or attempting measurement of live 
resistors, etc. Vacuum-tube and power sup 
ply circuits are built-in and operating powe1 
is drawn from any 105-130 volt line Ap- 
plied voltages are held constant by means 
of a built-in electronic voltage regulator 
Test leads and ali parts employed in the 
high-voltage circuits are insulated for 15,000 
volts. Four test leads: two standard high- 
voltage leads, one shielded lead with an ex- 
tension adapter for use in measurements in 
critical vacuum tube 
short lead for 


circuits, ete., and a 
Metal cabinet 


special uses, 


is 9144” wide, 9%,” deep and 714” high 
Radio City Products Co., 88 Park Place, 
New York City. 
Rheostat Cages 
A variety of rheostat cages have been 


developed for use with maker’s rheostats. 


Ventilated cages with perforated sides are 





most nerall plicable. O r type 

ibl i tproot 1 Ss, cages tft 
rheostats ir indem, explosion-p1 

ventilated « ‘ with one-half closed 
splasl ra nd a laboratory t 

enclosed table-top cage Various types « 
terminals can be supplied.—Ohmite Ufo. 








Speed - - - 
DIRECT READING 
INDICATORS 


Centrifugal Type 


Portable and Stationary 
Indicating Speed and Total Run. 
Flexible Shaft, Belt, or Electric 


Drives for Remote Indicating 


Types Available for Every Industry 


Locomotives, Steam, Gas, 
and Electric. Baking Time for Ovens, 
Dryers, Etc. 
Centrifuges, Textile Machinery 
Marine, Fire Apparatus 


Automotive, General Machinery 
Submit Your Problems to Us 


JONES ; 
MOTROLA SALES CO. 


438 Fairfield Ave., Stamford, Conn. 








GENERAL USE 
EASY-TO-READ 


THERMOMETERS 





& These thermometers 
for general use are re- 
accurate 


liable and 


The H-B line of indus- 





trial thermometers is bd 
? oa 
completely described * 
Ld 
and illustrated in Blue n 
ne 
Book part 3. A copy ) 
will be sent without Ms 
a 
obligation; write today “ 
i i 
“ 
Oru tect « 
partment w P 
you or 5 
re biems u 
bh - 







H-B INSTRUMENT 
CO. O&O INC. 


2525 NO. BROAD ST., PHILADELPHIA, PA. 

















New 


pe 


Magneti 
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Oscilloscope 
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bl 


ope 


ignetk 


d prin 
but 


ther 


! L\ 


Li) 





I te Magnitu mmetry, and uni 
f t f irrent Ww ire said to be re 
led quickly by t length, position, 
nel nif it rf horizontal trac of 
lj t on the g d-gla viewing screen, A 
narrow light beam f1 in internal lamp 
mping pon tl tir galvanometer nit 
ror, the r ements of which are reflected 
t tl iewir reen, The instrument re 
quire no reset time quick change from 
potential to current measurement is accom- 
plished by turning switch on the front of 
the box. The instrument is said to be al 
most entirely free from magnetic field in- 
terference weighs approx. 14 lIbs., is 7” 
high, 6” wide id 17” long. It operates 
fron 110-120 t, 60-cycle current, using 
» watts General Electri« Cc Scheneec 
ady, N } 


Voltage Regulator 


Originally developed be used 
junction with maker's standard 
rectifier electroplating units, new 


operated I 
ially desig 


simple means for 

put of each individual 
It is i rilable Ir i 

f install on adjacent 


INSTRI 
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lL. Voltage 


d to provide 


M | 


Regulator 


in 


meta 


llic 


manually 
is 


espt 


convenient 


1djusting the 


N 


wall 


or 


b 


ink 


voltage 


ana 
out 


if rectifiers 
ibinet 


mounting 


the 


( 


plating tanl 





within convenient reach of the operator and 
away from the rectifier units. Regulator has 
64 steps of adjustment, giving a voltage 
range from maximum down to one volt 
Coarse control covers full range in eight 
steps; fine control provides eight steps for 
each step of the coarse control. In addition 
regulator provides a start-stop station per 
mitting remote control. On front of unit, 
ind sealed against moisture and dust, are 
oltmeter and an ammeter. It said that 
by tl ethod of control all the conven 
lence f an individual tank rheostat is ob 
tained but tl rheostat losses of b bar 
ntrol are eliminated The Benwood Liv 


Vo. 


Direct-W riting Oscillograph 
Low-frequency oscillogt 


lograph employed in 
ker’s Garceau Electro- 


encephalogr iph has 


been made available as a separate unit for 
pl ical nd industrial research ind is 
nown as the “Garceau Velograph.” It use 





recording 


tape upon 
instantly 
line, This 
processing 


an electrically-sensitive 
which 
visible is 1 


stvlus 
well-contrasted 
permanent, requiring 
Oscillograph 
rugged, 


produces a trace 
dark 
trace is no 
element is s 
no fi 
no 


or developing 


to be exceedingly using igile 


crystals, no permanent magnets, moving 


coils. Incorporated within the apparatus is 
1 d-c amplifier requiring an input of 30 
volts peak-to-peak signal into a balanced 
impedance of 500,000 ohms for maximum 
deflection of 1” peak-to-peak of the trace 
Oscillogram is substantially linear with volt- 
ige and with frequency over a range from 
0 to approx. 74 cycles per second. It is 
critically damped by electrical means, Stand- 
ard tape speed is 3 em./sec. A power supply 
operating on 11 volts, 60 cycles, approx 
130 watts, incorporates the necessary recti- 
fiers for the amplifier and polarizing fields. 


single-channel 
with up to 
ivailable, 


Instrument illustrated is a 

model. Multiple nts 
twenty rec elements 

Applications ieroplane vibration 
study of bearing pressures In ro- 
and seismography.—FElec- 
Laboratory, Ine., Holliston, 


instrun 
ording are 
include 
inalysis 
tating machinery 

O- We adit al 
Wass 


Ductility Tester 


testing machine is 
present several new and exclusive 
np.iies with ASTM Designation 
testing ductility of bituminous 
speeds of 4, 1 or ecm. per minute. 
f 5” allows ampl for insertion 
when conducting 
Selective 


said to 
features, 
D-113 for 
materials at 
Depth 
of 
at 
gear-drive 
1utomotive type, with all 
bronze, on steel shafts. Bearings 
Speed is virtually 
shift 
hous- 
accu- 


New ductility 


roon 


cooling coils or ice tests 


reducea ten ‘tures 
gears of 
are oil-less type. selection 
instantaneous, 
lever protruding fr 
Combination of ruggedness 
said to be achieved utilizing a 
bronze lead screw, with Acme square threads 
free from sharp peaks to avoid screw thread 
delicacy. A single lead screw, instead of two, 
little space in the trough, and is 


by means of a gear 


the gear-drive 


and 


om 
ing 


racy is by 


occupies 





above water level, preventing agitatio 
water likely to impair observation of bi 
ing point of sample Being freely mou 
it both ends, lead screw is not subje 
binding or cramping stresses which w 

affect uniformity of pulling speed. 
carriage reaches the 150-cm. limit, it a 
matically disengages the lead screw 
omes to rest. Seale is divided in centim« 
ind millimeters; indicating pointer car 
et to exact zero position at starting p 
Machine can be suspended in a table 
for flush mounting, or can be suspends 
tank for circulating liquid to maint 
Precision Scie 


constant temperature 


Co. I »N Springfield Ave., Chicaqo, | 


Twin-Arc ‘Weather-Ometer” 

New “Twin-Arx 
to provide a 
strument for 


Weather-Ometer” i 
dependable ind 
determining, within a 


accurate 


weeks, the result of months of weather 
on fabricates intended for outdoor 
paints, varnishes, roofing materials, et 


said to duplic ate action of outdoor 





action of June sunli 
dew, and thermal 
and efficiency over previou 
to be acc 
ase of active light 
coérdination of tl 
by cold water spi 


combining 


Ing 


rain, heavy shock 


ise in speed 
available equipment is 
plished the incr¢ 
the specimen and the 
mal produced 
Instrument is equipped with a 
troller governing the light and 
shock periods automatically. Cycle « 
modified for v materials. No 
attention is required other than inspect 
of samples and reloading of the are uw 
every 24 hours. Total cost of carbon 

current consumption amounts to $1.20 
a 24-hour day. All standard Weather-O: 
ters now in use can be converted into 
new Twin-Arc Testing Unit.—Atlas Elect 
Devices Co., 8397 W. Superior St., Chica 


Til. 
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“Strap-on” Limit Control 

w limit or operating control for hot wa- 
eating systems is said to be unusually 
easy to mount as the 
trough - shaped 
permits a snug fit in 
direct contact with hot 
water pipes. Mounting 
requires only fastening 
of a metal strap to 
hold the control to 
either horizontal or 
vertical pipes, as satis- 
factory operation is ob- 
tained in any position. 
Mounting base and 
thermal element are 
one and the same part 
in order to. simplify 
design and to assure 
immediate response to 
changes in boiler water 
temperature. Tempera- 
ture cut-out setting is 
made without remov- 
ing the cover. Available 
for low- or line-voltage 
its, ind in direct- or 
lels Perfex Corp., 500 W. Oklahoma 

Vilwaukee, Wis. 


Ne 


base 

















reverse-action 


Shatter-proof Rheostats 


New type of maker’s All-metal Rheostat 

iireraft and ordnance use where dur- 
bility to withstand bomb and gunfire con 
ssions, as well as dependability to meet 
ynditions of high humidity and other tem- 


ture extremes are prime essentials, is 





innounced. Instead of ceramic insulators 
new ordnance type units have Bakelite in- 
have a 50% lower temperature 
rise for equal size in other types, are avail- 
able in 25- and 50-watt sizes to meet the 
200-hour salt-spray test requirement. Covers 
ire available to protect units from dust 
and dirt.—International Resistance Co., 401 
N. Broad St., Philadelphia, Pa. 


ulators, 


Level Gage for Drums 


New “U-C Level Indicator” for 55-gallon 
drums consists of a cork float 
ounted on a wire rod, the level of which 
is indicated on a dial installed on the ex- 
ternal fitting, said fitting fashioned to re- 
elve the user’s faucet or spigot. Guessing 


storage 





Indicator is 
transferred, works 
nature, 

North 


and tapping are eliminated. 
simple to install, easily 
on all liquids of a non-corrosive 


U-C Level Indicator 
Broadway, Milwaukee, 


Sales, R28 


Wisconsin. 


Constant-temperature Cabinet 


New explosion-proof 
temperature cabinets, heated by 
approved by Underwriters’ 
Inc., are for use in locations, 
Class I, Group C and Group D, in which 
flammable volatile liquids, highly flammable 
gases, mixtures or other highly flammable 
substances are manufactured, used, handled, 
or stored in other than their 
tainers. Basically, cabinet is a “Precision 
Freas’”” mechanical model in 
which a motor-driven turbo-blower produces 
a forced circulation of heated air 
working chamber. Explosion-proof features 
are classified under two headings: (1) Com- 


series of constant 


steam and 
Laboratories, 
hazardous 


original con 


convection 


icross the 





plete absence of exposed contacts, electric 
controls, switches, or wiring terminals; (2) 
Installation of safety release 
latches on doors, for instant opening under 
burst which might 
also special vent 
dangerous 


eatches o1 


pressure of an explosive 
occur inside the cabinet 
ing provisions for exhausting 
gases. Steam, instead of electricity, is used 
for heating. Temperature 
150°C, Oven can be operated at any steam 
pressure between 0 and 100 Ibs. saturated, 
but operating temperature is governed by) 
steam pressure. Oven is safeguarded against 


range is 35 to 


excessive temperatures by a 100-lb. pressurs 
Four standard sizes are avail- 


1736-54 


release valve. 
able.—The Precision Scientific Co., 
N. Springfield Ave., Chicago, Tll 


Unbreakable Mercury Switch 


New Bacon Mercury 
metallic cartridge in two parts, sealed to- 
gether and pressed into a tube of insulating 
material then sealed again with lead wires 


Switch is a simple 


— : 








(any length) soldered direct to the metallic 
cartridge which is filled with inert gas under 
pressure, Contact is made and broken in the 
mercury itself “with a minimum degree of 
tip.’”’ Switch is available in single- or double- 
throw types.—Bacon Electric Timer Corp., 
4513 Brooklyn Ave., Cleveland, Ohio. 








TEST MAGNETIC 
PROPERTIES OF 
YOUR STEELS 





THE ONLY SINGLE BUTTON 
ELECTRICAL RETURN FLUXMETER 


SIMPLEST AND MOST EFFICIENT 
Bulletin 504 
THREE DIFFERENT STYLES 
Portable Standard 
electrical zero return. 


with single 
Switchboard Type with above 
zero feature located on flexible 
lead for bench operation. 

Button Pointer Shift in 
place of our patented standard 
zero return at a lesser cost. 


Two 
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Simple Pressure Regulators 
Principal Types and Their Characteristics 


By H.C. 


McRAE 


Research Engineer, The North American Mfg. Co., Cleveland, Ohio 


PRESSURE REGULATOR may be defined as an au 
A matic valve which controls the pressure of a fluid 
at a given point in the flow circuit, regardless of the 
quantities of flow or the pressure variations at other points 

that circuit. This pressure may be constant or variable. 

The purpose of controlled pressure is sometimes for a 
controlled force. In a hydraulic application, for example, 
the force from a piston is a direct function of the pressure 
f the liquid on the piston. More often, the purpose of con 


trolled pressure is a controlled rate of flow. There are many 
ipplications of this principie in the gas industry and chem 
ical processing. Probably the most common example is in 
the use of a regulator in the gas line to a hot air furnace 
to hold the rate of gas flow constant. Another function of 
the pressure regulator is to reduce a high-pressure supply 
to a more convenient lower pressure 


Regulators may be divided into two classes: those which 
| inlet pressures and those which control outlet or 


scharge pressures. The mechanism is much the same for 
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the two, the only difference being that for inlet pressure 
regulators the diaphragm is connected with the supply 
pressure and tends to close the valve when the pressure 
drops, restoring it again to normal; while for outlet pres- 
sure regulators the diaphragm is connected to the discharge 
side and tends to open the valve when the pressure drops, 
bringing it back to normal again. 

Fig. 1 shows a typical circuit using an inlet regulato1 
which is more commonly called a relief valve. The pump is 
a constant-flow positive-displacement type. The pressure 
ahead of the valves on the oil burners must be held con 
stant from minimum to maximum flow. The relief valve 
“bleeds off” the oil not being used by the burners on lower 


flow rates, and maintains a constant pressure for them. 
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illustration of an outlet pressure regulato1 


Fig. 2 is an 


> 


used ahead of a system of gas burners. The valves ahead 
he burners are set individually. By maintaining a con 


of t 
stant pressure ahead of these valves, the flow rates remain 
constant. The regulator must respond to either an inlet 


pressure variation or a change in gas demand by the 
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burners. To maintain a constant outlet pressure, the \ 
in the regulator must move towards the closed positi: 
the inlet pressure should increase or if the demand sh 
decrease. 

A regulator in its simplest form consists of a valvy 
pressure gage and an operator as shown in Fig. 3. 
operator watches the gage and moves the valve in 
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proper direction to maintain constant pressure. In pract 
the operator is replaced by a diaphragm, one side of wl 

is loaded with a pressure—spring or weight—to corres} 

to or equal the pressure desired, and the other side <« 
nected to the pressure region which is to be controlled, as 
illustrated in Fig. 4. Four different ways are shown to 
trol the outlet pressure: 
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(a) A compression spring furnishes the force downwa! 
necessary to balance the force (area times pressure) du 
to the outlet pressure on the bottom side of the diaphras 
Since the spring may be adjusted, the pressure may 
varied. 

(b) A weight balances the pressure. 

(c) A weight with an adjustable lever arm balances 
pressure and hence different pressures may be obtail 
The weights have the advantage of giving a constant fo 
for any valve position, while the force from the spr 
varies with valve position. 

(d) The pressure may be controlled by using an exte1 
pressure from another source. 

In all of the above examples the principle is the sai 
that is, if the outlet pressure should increase it will pi 
the diaphragm upwards and, at the same time, close 
valve sufficiently to bring the pressure back to normal. 

On further analysis of Fig. 4, it is seen that the va 
head itself acts as a small diaphragm. The inlet press 
is on the bottom, and the outlet pressure on top. The 
sultant force is upward. It is obvious, then, that as the ir 


ry 
| 


essure Increases, the outlet pressure will fall off slightly 
offset the increased force. The larger the valve or the 
naller the diaphragm, the greater is the error produced 
a change in supply pressure. 

Regulators designed for reducing high pressures to rela- 
vely low pressures can stand a large pressure drop and 
nee the valve opening is small. The error from the pres- 
re on the valve head is sometimes further reduced by 
necting the valve and the diaphragm through a lever 
m which steps down the force from the valve as shown 
Fig. 5. 

For relatively small 
ust be large to get sufficient capacity through it. 


pressure, the valve 
In this 


reductions in 








Fig. 9 


ase, either a “balanced” valve or a “balancing” diaphragm 
s used. The latter is illustrated in Fig. 6(a). The difficulty 
vith this is that the effective area of the diaphragm changes 
vith valve position and hence is not always “balancing.”’ 
Fig. 6(b) shows the “balanced” valve. There are two dis- 


idvantages with this type of valve: both valves will not 
shut off exactly the same time, causing leakage in the 


closed position, and furthermore, these valves are not ex- 


actly balancing since in one case the valve head is upstream 
from the valve opening and in the other case it is down- 
stream from the valve opening. Special shapes of valve 
veads have been developed which more nearly balance but 
still tend to leak in the closed position. 

When the diaphragm and valve assembly move to find a 
new position of balance, the inertia of the moving parts may 
tend to carry the valve beyond this position. Immediately 
the diaphragm will reverse the valve and again move it 
beyond the proper point. This may continue periodically. 
‘Hunting,’ as this phenomenon is called, is sometimes of 
arge enough magnitude to render the regulator useless 
for part of its range. The greater the change in pressure 
for a given valve stroke, the greater the chance for unde- 
sirable hunting. The motion may be dampened to cure hunt- 
ing, but care must be taken to avoid any frictional re- 
sistance on the valve assembly when at rest as this would 
introduce an error. 

Fig. 7 shows a common type of regulator known as a 
zero governor or atmospheric regulator. Since the outlet 
pressure is held at zero gage, flow is obtained by applying 
suction to the outlet connection. There are five forces on 
the valve assembly, the resultant of which must be zero fo 
the valve to come to rest. The equation of these forces 1s 
is follows: 


KeAe(P, -Po) + As(Po-P 


Kia ) Ky, A, (Po -P,) 
Tensior Main Balancing Valve 
Spring Diaphragm Diaphrag He 
vhere 
K Spring rate—ounces per inch of movement 


Length spring is stretched with valve in closed posi- 
tion—inches 
Valve opening—inches 
K Main diaphragm coefficient—dimensionless 
Main diaphragm area 
Outlet gage pressure 
Gage pressure on top of main diaphragm 
square inch (zero 1f vented to atmosphere) 
Balancing diaphragm coefficient—dimensionless 
Balancing diaphragm area—square inches 
Pp Inlet pressure—ounces per square inch 
Valve area—square inches 


square inches 
ounces per square inch 


ounces pe 


Fig.6 


r. Average inlet static pressure on valve head—ounces 
per square inch 
W Weight of the assembly—ounces 
Ideally, the forces of gravity and the tension spring should 
cancel each other, while the forces on the balancing dia 


each other 


Actually, 


phragm and valve head also should neutraliz 
This leaves K,A 1 (Po —-P.) 0 or Po P O 
these forces only cancel out for one valve. 
position, usually the closed position. How 
ever, by studying these forces individually, 
it is readily seen how regulation perform 
ance can be improved 








Fig.7 


The tension spring is adjusted to balance the weight of 


the parts when the valve is in the closed position. As the 
valve opens, « increases, causing the spring tension to in 
crease. By using a long spring with a relatively low valu 


of K and by limiting the valve to a small stroke, the varia 


tion in the force is minimized. The lighter the weight of 
the parts, the smaller the spring rate for a given spring 
length. 

The pressure on the bottom of the valve head is the out 
let pressure, but the pressure on top is not exactly the inlet 
pressure except for the closed position. Some of the supply 


static pressure is converted to velocity pressure as the fluid 
passes through the valve opening. Both the fore 
error and the valve head error tend to make the 
rate of flow 


spring 
outlet 
pressure decrease as the valve opens or as the 
increases. 

A diaphragm coefficient is defined as the actual 
obtained on the valve stem divided by the calculated force 
from the product of the diaphragm area and the differentia] 
roree 


force 


pressure. From fluid mechanics it is known that the 
on a diaphragm, regardless of the shape, is the differentia 
pressure times the projected flat area. However, part of 


this force is wasted on the plates which hold the diaphragn 








at its periphery, while the useful part of this force is tra 
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mitted to the valve shaft. The coefficient is increased bv thi 
use of plates clamped on either side or both sides of the 


diaphragm. As the valve opens, the diaphragms move away 


from their original positions and the coefficients decreasé 
This means that the balancing diaphragm error tends 
increase the outlet pressure as the valve opens 

The larger the main diaphragm, the less P, é 
from P. to correct for the errors previously met 
Typical performance curves are shown in Fig. 8. ] 
represents a fixed supply pressure. 

Sometimes another error is purposely int t 
mechanism to compensate for the errors existing. 1 

(Continue } 


Februarv 1942—Page 














A New Mercury Rheostatic Method 


By K. A. OPLINGER 


Westinghouse Research Laboratories, East Pittsburgh, Pa. 


ANY novel controllers have resulted from the funda- 

mental idea of controlling the current in an electric 

circuit by using some form of “contact making”’ de- 
vice. In the simplest arrangement, a single pair of contacts 
may be used to change the resistance of a control circuit. 
Minimum circuit resistance is obtained with the contacts 
closed; maximum resistance with the contacts opened. If the 
contacts are vibrated, the effective resistance of the circuit 
may be varied between the maximum and minimum value in 
a manner to give practically continuous control. This form 
of single-contact amplifier has been described in a previous 


paper. 
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The amount of power which can be handled by a single 
pair of contacts is, of course, limited by the current and 
voltage of the circuit. By using more contacts it is possible 
to control larger amounts of power. The rheostat is an ex- 
ample of such a design. However, in most regulating and 
control systems, the ordinary rheostat cannot be used be- 
cause of such factors as large power input, frictional and 
hysteresis forces, or the large inertia and displacement of 
moving parts. Novel rheostatic control members have been 
designed to remove the above limitations. For example, in 
the “Silverstat” regulator a large number of silver contacts 
are so arranged that they may be operated by a small force 
and a small travel.’ 

A new design of rheostatic element has recently been de- 
veloped which uses a large number of mercury switches so 
arranged that the force and travel required to operate the 
switches is very small. For convenience in describing this 
new design, it has been called a “Mercurystat.” 

A schematic of the contact arrangement of the Mercury 
stat is shown in Fig. 1. A forty-step element with electro- 
magnetic driver is shown in Fig. 2. Referring to these two 
figures, the contacts are small flat terminals, each having a 
central hole. These terminals are assembled with a thin in- 
sulating spacer between each pair of terminals as shown. 
At the bottom of the terminal assembly, a stainless steel 
bellows, with a plug to reduce its volume, serves as a reser 
voir for the mercury. Displacement of the bellows raises 
and lowers a column of mercury which shorts out, or cuts in, 
sections of an external resistor connected to the contact 


“Recent Developments in Speed Regulation,” C. R. Hanna, 
K. A. Oplinger and S. J. Mikina, A.I.E.E. Transactions, Vol. 59, 
1940, pages 692-700. 

2“Recent Developments in Generator Voltage Regulation,” C. R 
Hanna, K. A. Oplinger and C, E. Valentine, A.J.E.E. Transactions, 
Vol. 58, 1939, pages 838-44, 
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terminals. A gas chamber at the top of the column preve 
any appreciable change in pressure from the slight char 
in volume caused by the bellows displacement. The ent 
assembly is hermetically sealed by a special process so tl] 
the interior of the Mercurystat can be pumped out 
charged with an arc-reducing gas such as hydrogen. It is 
then sealed off from the atmosphere to eliminate all cont 
maintenance. 

By making the ratio between the area of the bellows a 
the area of mercury column as large as practicable, only 
small displacement of the bellows is required to short out 





all contacts. For example, in the forty-step Mercurystat 
shown in Fig. 2, the terminal assembly, which is about tv 
inches high, can be shorted out by a bellows displacement 
of fifteen thousandths of an inch. 

The power which can be controlled by this new mercury 
rheostat is fixed by the interrupting capacity of the co1 
tacts and by the internal losses of a given design. The i! 
ternal losses of the Mercurystat are due to the resistance of 
the terminals and the mercury column; also to the contact 
drop between the mercury and terminals. The large numb« 
of steps makes the contact duty in the Mercurystat muc! 
less severe than in the ordinary mercury switch operated 
at line voltage. To obtain some idea of the power capacit 
a small forty-step Mercurystat as shown in Fig. 2 was us¢ 
for life tests in a 220-volt d-c. circuit to vary the curren‘ 
from 12 amps. minimum to 30 amps. maximum. After con 
pleting five million cycles of operation the contacts shows 
practically no signs of wear. 

In many regulating systems it is desirable to have tl 
rheostatic member operate from an electrical stimulus. |] 
such cases an electro-magnetic driver as shown in Fig. 
may be used. To provide a frictionless pivot, the drivir 
arm, which operates the bellows, is mounted on cro 
springs. A calibrating spring is attached to one end of tl 
driving arm and on the other end an iron armature 
mounted. By proper shaping of this iron armature, tl 
negative stiffness of the driver can be made to match tl 
positive stiffness of the Mercurystat and calibrating sprins 
Extremely small changes in force or in coil current are no’ 
required to move the Mercurystat through its range. This 
shown by the typical response curves of Fig. 3. When a 
justed for 1% droop, a change of 0.05 watt in the drive 
coil will operate the Mercurystat through its entire travé 
The change in output power may be, say, five kilowatts s 

(Continued on Page 58 
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Control of Stockrooms, Inventories, etc., 
by means of Special Weighing Devices 


By H. I. MAYCOCK 


Industrial Field Engineer, Toledo Scale Co., Toledo, Ohio 


N all businesses where thousands of smal] parts are daily 
shifted from the stock room to the assembly line, inven- 
tory appraisals and accountings necessarily have to be 

sely regulated, especially today when metals are at a 
emium. 

4 convenient 
eeping records is based on 
e use of a weight control 
ystem. Seales are being in- 
easingly utilized not only 
n terms of numbers but in 
Where in the 
scale had 
een assigned to handle a 
multiplicity of weighing jobs, 
two or three or perhaps 
four seales have been in- 
stalled, each a different type 
specific 


method of 


necialization. 
ast one general 


and designed for a 
ndustrial control job. 

This specialization is ob 
viously desirable. While 
weight itself may be applied 
in a limitless number of ways, 
a scale like any other mech- 
anism of measurement has its 
limitations. It subscribes to 
its function as an instrument 
of weight most efficiently 
when by its structure and 
capacity it is adapted to the 
task it is to perform. A 
scale, in other words, must 
be scaled to the weighing as- Fig. 
signment. 

A well-equipped and adapted weight control system has 
been established by Harley-Davidson now under contract 
with the government for the production of scouting motor- 
cycles, for weighing and counting the great variety of fit- 
tings that flow each day to and from the stockrooms, pro- 
duction, assembly and other departments. Aside from the 
equipment purchased to take care of war work, this company 
has, through the past quarter century, constantly added new 
scales to better its weight control system. Scales now in use 
range from heavy-duty floor scales to precision scales sensi- 
tive to 0.0005 Ib. 

In Fig. 1 floor scale equipment may be observed in action. 
This machine has a total capacity of approximately three 
tons, with, however, 1-lb. graduations to insure close accu- 
racy even on heavy load weightings. Its high capacity plus 
the 1-lb. graduations fit it for a variety of requirements, 
from loads of less than a hundred pounds up to its full 
capacity. 

This machine also serves as an automatic counting device. 
This counting application is based on the multiplication of 
the levers in the scale: a small weight at the end of a long 
lever will counterbalance a much larger weight on the plat- 
form itself. In the illustration, each of the bolts that the 
operator drops into the large ratio pan offsets the weight 
of ninety-nine bolts on the platform. Each bolt placed in 
the smaller ratio pan counterbalances nine on the platform. 
As a result, if there are twenty bolts in the large pan, seven 
in the small, and the scale indicator has been brought to 
zero, the total count of the parts is 2070. Tedious hand 
counting is eliminated. 

In the foreground of Fig. 2, an intermediate size scale is 
shown. It is a predetermined weight type designed for loads 





up to approximately 200 lbs. Its over-under zero indication 
provides maximum indicator travel pel pound, hence greate. 
sensitivity than without this device. The double ratio count 
ing mechanism on this machine operates on the same pri! 
ciples as on the large ] 
scale. 
The background of t 
same illustration shovy the 


sensitive fan seal 


used to count or weig the 
parts too small for either 
the floor or bench e. This 
equipment 1S used vhere 
smali deviations (in fra 

tions of ounces) must be 
discerned. This model dem 
onstrates particularly we 


modern 


the versatility of the 


scale. This machine pos: 


three distinct weighing 
ranges. It can be adjusted 
so that it will weigh and 
count loads as heavy as 


twenty pounds. Chart grad 
uations 


lb. Also it 
pacity of 1 lb. by 


here are by 


provides a ca 
0.005 lb 


Or, it may be instantly ad 
justed to weigh 0.1 Ib. by 
0.0005 Ib. 

The Coleman Lamp and 
Stove Company, Wichita, 


Kansas, also possesses a 
weighing system for produc 
tion 


stock records on 


and 
the many parts that go into the manufacture of its regu 
lar and other products. Their equipment 

portables, othe. 


includes floor 
seales, bench scales and modern types, 





Foreground—Predetermined-weight bench scale 
Background—Three-range scale 


many of which are equipped for counting. In 
ground of Fig. 
load of fittings on a predetermined-weight portable weigh 
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aintenance and Servicing of 
Electrical Instruments 


By JAMES SPENCER 
Foreman, Instrument and Relay Testing, Westinghouse Elec. & Mfg. Co., Newark, N. J. 


CHAPTER II 

(Continued) 
A-C. VOLTMETERS 
The voltmeters to be discussed at this time are those that 
operate on the electrodynamic, repulsion and induction prin 
instruments are made in both switchboard and 
types. In this section, however, only the switch 
board will be dealt Switchboard instruments 
include the large switchboard, medium switchboard and 
miniature panel types which are made for both projection 
and flush mounting. Their uses are as the names imply. They 
are designed and calibrated for alternating-current circuits, 
but some of them can be calibrated for direct-current circuit 
application with equal accuracy as will be pointed out later 


ciples. The Sé 
portable 


type with. 


in this writing. 

Voltage is the pressure that causes current to flow in a 
circuit. The volt is the accepted unit of electrical 
pressure or, as the dictionary defines it, the unit of electro- 
motive force or difference of potential. Ohm’s Law states 
that the voltage is equal to the current in amperes multi- 
plied by the resistance in ohms, that is, volts amps ° 
ohms. From this we can see that if one ampere is flowing 
through a resistance of one ohm the pressure or voltage of 


closed 


the circuit is one volt. 
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Fig. 22. Connections for testing an electrodynamic type instru- 
ment on direct current, with a double-pole double-throw switch 


for taking reverse readings 


In view of the foregoing we can say that the voltmeter 


instrument for measuring electrical pressure or po- 

tential difference 

electric circuit. 
Again, it will be apparent that a voltmeter is essentially 


with a resistor in 


existing between any two points of an 


(milliammeter ) 
to the value of the 


a low-capacity ammeter 


series with its coil, adjusted volts, ac 
Ohm’s law. The 
sufficient to operate the 


as required to give 
a force o1 to full 


scale pointer deflection. Take away the resistor and you have 


cording to millivolts are 


torque spring 


an equivalent milliameter. 


Prir ciple of Cpe ratio? of { Co. V oltme ter 


two forms, one 


itself in 
unidirectional 


manifests 
ealled direct current which flows in a 
the other called alternating current because as it flows it is 


Dynamic electricity 


line: 
constantly changing from positive to negative and back, as 
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A Contribution to the War Effort 

N normal times it is inadvisable for users of elec- 

trical instruments (except users such as utilities 
with fully-equipped service laboratories) to do any 
work which involves opening up the case. Before 
1941, the only articles on adjusting and servicing 
instruments which we accepted for publication were 
on Bourdon gages and other comparatively rugged 
measurement and control devices. And all we pub- 
lished on the subject of repairs and rebuilding was 
our stock editorial (reprinted every two or three 
years) saying “Let the factory do it.” 

But this national emergency has created a short- 
age of electrical instruments, so that even plants 
enjoying priority have to wait. The top shelves of 
stockrooms are being searched for old instruments. 
“Irreparable” instruments are being “repaired.” And 
—perhaps most important—all instruments in use 
must be maintained in good condition . .. by the 
users. Hence the crying need for this serial—the 
first and only one of its kind. 

NOTICE TO STUDENTS IN INDUSTRY 

Chapter I (Direct-current Instruments) appeared in the August 
1941 issue of Instruments, pages 226-240. 

The first part of Chapter II (A-c. Instrument Definitions, A-c. 
Ammeters) appeared in the September issue, pages 255-268. 

Chapter III (A-c. Wattmeters), December issue, pages 394-403. 

Chapter IV (Summary of A-c. Types), December issue, page 404. 

Chapter V (Instrument Transformers), December issue, pages 
405-408, 

Back copies of Instruments are available at 25 cents each as 
long as they last. 

It is expected that this serial will be completed and brought out 
in book form before June. 











shown in Fig. 1 of this chapter.* We learned that the per 
manent-magnet moving-coil type instrument (Chapter I) 
measures direct current only and that the induction typ: 
instrument (Fig. 4 of this chapter) measures alternating 
current only. Before studying the induction instrument in 
detail we shall discuss the electrodynamic type that meas 
ures both a-c. and d-c. electricity. 

When measuring a d-c. circuit with an electrodynamic 
instrument, readings must be taken in both directions 
through the instrument, to eliminate any error due to stra) 
fields. If a stray magnetic field acts in unison with the fixed 
coil in one direction it will oppose it in the other. The aver 
age of the two readings is nearest to the correct readings 
See Fig. 22 for connections when testing a voltmeter or 
direct current. 

The electrodynamic principle depends on the attractior 
and repulsion of parallel wires carrying currents in th 
same or opposite directions. Wires carrying currents in thé 
same direction are attracted to each other and repel eacl 
other when the currents flow in opposite directions. See Fig 
2 of this chapter. The moving coils and stationary coils of 
the electrodynamic voltmeter are connected in series and 
wound with a large number of turns of fine wire, making 
the instrument sensitive to small currents. When connected 
across a high-voltage line, a series resistor is used to redue¢ 
the voltage across the instrument. The stationary and mov 
ing coils are connected in such a way that they may move 
with respect to each other, the moving coil being caused t 


turn. A mechanical torque produced by two spiral springs 

‘The first part of this chapter, with Figs. 1 to 21, dealt chiefl) 
wit =< immeter It appeared in the September 1941 issu 
Instruments 
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Possibly millions of times during the lil 
of a WESTON instrument tiny springs such 


as these . some made of strip drawn to 
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MAGNETIC FIELD OF A 
WESTON 
ELECTRODYNAMOMETER. 








Fig 3. Lines of force are made visible in this diagram (cour 
esy Weston Elec. Instrument Corp.) to illustrate the operating 
rinciple of the electrodynamic instrument. See also Figs. 2 and 
t this ct pter 





Fig. 24. A Westinghouse repulsion iron instrument mechanism 
See also Figs. 3, 6, and 25 to 29 inclusive 





Fig. 25. Moving-iron type voltmeter or ammeter movement com 


plete showing 


l Pointer—usually made of aluminum 
Pivots—hard polished steel 
Control spring—phosphor bronze 

i Damping vane aluminum 

5 Moving iron vane 


Element shaft 
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opposes the electrical torque and brings the pointer t 
where the two balance. The springs are wound in op; 
directions to compensate for changes due to temperatu 
other causes. When this type of instrument is used o1 
circuits the current in the moving coil produces a mag 
field which always opposes that of the stationary coil 
Fig. 23. On a-c. circuits, as the current changes i) 
moving coils it also changes in the stationary coils, ther 
these magnetic fields always oppose each other. This it 
ment is made dead beat by the use of an aluminum 
rotating in an air chamber compressing the air as it m 
making a good damping device. (Damping will be disci 
in a later chapter.) 

When voltage is applied to a repulsion type instrun 
the two iron vanes are magnetized by the flux around 


coils. See Fig. 


of this chapter. As the two vanes a1 
one plane (nearly) and magnetized by the same field, 

are magnetized in the same direction; hence we have 

north poles at one end and two south poles at the othe 
the two magnets tend to repel each other and as or 
mounted on the shaft and free to move, they tend to s 
rate. This rotation of the moving member is retarded by 
action of a spiral spring. Both the large and miniature t 
voltmeters are air-damped, the large type having an al 
num damping vane and rotating in a chamber simila 





Fig. 26. Voltmeter or ammeter movement assembled in sub-bas« 
showing one-half of damping chamber covered 


Top bridge 
8. Jewel screw 
9. Damping chamber 
10. Zero adjuster 


that of the dynamometer type, while the small instrument 


utilizes the moving iron vane and the closed mount 
bracket for this purpose. See Fig. 24. 

The principle of operation is similar ir both ammete1 
voltmeters of the induction type; a detailed explanation 
already been given earlier in this chapter. 

For reasons of simplicity and sturdiness the moving 
type is quite invariably used for switchboard type a-c. \ 
meters and ammeters, in preference to the electrodyna 
type. This is also the case for a-c. portable voltmeters, 
cept such as are used as secondary or transfer stand: 
for calibrating other a-c. instruments by comparison to 
d-c. methods of standardization. 

Thus electrodynamic portable ammeters and voltmet 
may be calibrated in the laboratory with standard volt 
cells, standard resistors and potentiometer sets and t 
used with equal accuracy for calibrating other a-c. inst 
ments. 

The electrodynamic principle is generally used for 
portable and switchboard type of wattmeters, power fa: 
neters and frequency meters. 


CONSTRUCTION 





PP si ; 
tu ; ving-iren Type 
01 4 typical voltmeter movement would consist of a pointer, 
ag? et } ving coil, or disk, or iron vane, a damping vane, springs 
oil. S\ i balance weights mounted on a shaft at the end of which 
in th is e hard steel pivots. See Fig. 25 for a view of a repulsion 
ere 4 ment. The pivots rotate in jewels or bearings which are 
in a nerally of sapphire, depending on the type of instrument. 
nN val % : the movement rotates it carries the pointer across a 
moves 3 ale that is calibrated in volts to agree with a standard 
SCUSSE 3 known accuracy. Internal connections of the various types 
x voltmeters are shown in Figs. 4, 5 and 6 of this chapter. 
un ; [he large flush and projection type voltmeter of the re- 
¥ 
a 


: 


ilsion type is built with pressed steel base and case, and 
,ard-rubber or molded sub-base. A stationary coil is wound 
1, they : ith copper wire in a cylindrical form, the center being an 


eee 2 





ve nen core as shown in Fig. 27. The moving element consists 
ier. A >a vane of non-residual iron (see below) mounted on the 
O1  chaft of the instrument that also carries the damping vane, 
) Sepa ointer and spring. See Fig. 25. The stationary iron is 
by t j nounted on a bracket that is attached to the damping 


‘e ty chamber housing in such a position that when the pointe: 
s at zero the two iron vanes are very close to each other 
and parallel as in Fig. 26B. The damping chamber is similat 
n construction to that of the electrodynamic type. Hard 
steel pivots and sapphire jewels are used. 





Fig. 27. Showing the stationary coil mounted on the base with 
a Se resistance cards for use as a voltmeter. 
11. Base 


12. Dial posts 
13. Field coil 
14. Resistor cards—for voltmeters 


The term “non-residual” perhaps requires a further ex 
planation. All iron or steel when magnetized presents the 
phenomenon of hysteresis which can be compared to vis- 
‘osity or stickiness in mechanics. Thus steel tends to retain 
some of its previous magnetic state after the magnetic field 
strength is changed. This property can be either increased 

decreased at the will of the steel research specialist. If 
sreatly increased we have the familiar “permanent magnet 
steel.” If almost totally eliminated by other special alloying 
and treatment, we obtain the non-residual variety, the use 
{ which largely avoids the fact that otherwise moving iron 

truments would read low on increasing values of d-c. 
| high on decreasing values. 
it : lig. 830 shows schematically the moving-iron type mechan- 
used in a concentric-scale instrument. The permanent- 
3 net moving-vane method of damping is utilized in this 
instrument, but is not shown in the sketch. An instru- 
embodying this type mechanism is shown in Fig. 31 
i its cover removed. The external resistor used with this 
; ‘ment is shown attached to the base. 

e miniature type instrument differs in construction 
the large type in size and parts. The stationary iron 


ment 
nting 


nanos 





Fig. 28. Showing the movement partly removed from its positic 
in the open core of the field coil 





Fig. 29. 


show Ink 


removed 


Repulsion type ammeter 
pointer, movement ard internal construction 


with case 


15. Terminals 
16. Cover studs 


i SH/ELO 
| (Caw BE ROTATED 70 CHANGE 
SCALE DISTRIBUTION) 







POINTER 


ARMATURE VANE 









wai 








FIELD COL 


FIXED VANES 


Fig. 30. Mechanism of General Electric Co.’s concentric-form 
a-c. voltmeter or ammeter, Type ‘‘AB-10.’’ 
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* PROVED PERFORMANCI 
makes Ohmite Wire-Wound Re- 
sistors a logical choice for lab- 
oratory, industrial and military 
applications. They stay accu- 
rate, dissipate heat rapidly, 
withstand atmospheric effects, 
prevent burnouts and failures, 
save time and trouble. Preci- 
sion, non-inductive, fixed, ad- 
justable and other types in 
stock or special units to 


meet every requirement. 


Write on company letter 
head for Catalog and En- 
gineering Manual No. 40. 


Tap Switches 


OHMITE MFG. CO., 4887 FLOURNOY ST., CHICAGO, U.S.A. 





: YLINDER 
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MULTIPLE SUPPLY OXYGEN REGULATOR 
if l Air 


’ ift) 
AL TOMATI( 
® Regulates supply of oxygen to a multiple outlet 
manifold line, according to altitude. 
® Each Regulator accommodates up to 10 persons. 


® Is light in weight, sturdy, reliable, and adaptable 


to either high or low pressure supply source 


Conforms to U.S. Air Corps Type A-11 





Pioneer Manufacturers of 
OXYGEN EQUIPMENT FOR HIGH FLYING 
INDIVIDUAL “BAIL OUT” OXYGEN CYLINDERS 
MASKS and HELMETS BOMB SIGHTS 


RESEARCH APPARATUS and TESTING EQUIPMENT 
for Aeronautical Laboratories 


THE 
GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago U.S.A. 
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Fig. 31. This is not only a complete instrument mechanism ( 
a General Electric concentric-scale voltmeter) but since the as 
sembly includes scale, resistor, resistor housing, etc., it is a con 
plete instrument minus the case and cover 


is a rod and the molded element bracket also acts a 
damping chamber. See Fig. 24 
Electrodynamic Type 

The switchboard electrodynamic type voltmeter us 
has an iron base and cover that serve to mount the elem 
and make the instrument dust-proof. These parts being 


also serve as a shield for the instruments to protect t! 





Fig. 32. Sub-base of electrodynamic type voltmeter with support 
ing brackets and damping chamber, one-half of which is shows 
closed. (Weston.) 





Fig. 33. Volemeter moving-element assembly, showing all 


moving parts of the instrument. (Weston.) 
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nt from being affected by stray fields. The coils, both 


ne and stationary, are connected in series through 
vs that also act as the retarding element. A typical 
nting for these parts as shown in Fig. 32 is on a brass 
ne, set into a hard rubber or molded sub-base that serves 
means of breaking the magnetic circuit of the frame, 
is the lower jewel and serves as a damping chamber. The 
ing coil, as in Fig. 33, is mounted on a shaft at each 
of which there is a hard steel pivot that turns in sap 
re jewel bearings mounted in the frame (upper) and the 
hase (lower). The shaft also carries the aluminum 
tery that traverses the scale to indicate the voltage of 
ine being measured. At the lower end of the pointer 
re are three balance arms on which are mounted weights 
balancing the moving element. An aluminum vane on the 
end of the main shaft rotates in the chamber of the 


i 


base to produce damping. See Fig. 34. 
The cut-away view, Fig. 35, is typical of the magnetically 
imped electrodynamic mechanism. This view clearly shows 
e construction, the relative positions of the moving and 
ionary coils, and the position of the aluminum damping 
e on the element shaft. The aluminum vane, shown 
inted just below the top spring, moves between the poles 








Fig. 34. Weston voltmeter mechanism with stationary coils and 
one of the damping chamber covers removed. 





Fig. 35. General Electric Co.’s electrodynamic instrument mech- 
inism with magnetic damping vane. Parts cut away to show mov 
ing coil, 








@ Standard types of Meriam Manom- 
eters and others specially designed 
to meet the requirements of the in- 
dividual services are widely used in 
measuring Crankcase Pressures — 
Air Flows — Absolute Stack Pres- 
sures—Carburetor Pressure Drops 
—Engine Manifold Pressures — Supercharger 





Pressures—and also for testing and checking 
Altimeters, Air Speed Indicators, Rate- 
of-Climb Indicators — Fuel Pressure Gauges— 
Manifold Pressure Gauges— Suction Gauges — 
Fuel Quantity Gauges—and Fuel, Vacuum and 
Hydraulic Pumps. 


Meriam Manometers are used for engine 
testing, and for calibrating aircraft instruments 
in every Army air field in the United States and 
Principal Possessions, at Navy and Marine 
Corps air fields and by manufacturers of air- 
planes and their principal parts such as engines, 
pumps, carburetors, etc. 

Our wide experience in this exacting work is 
fully at your disposal. Do not hesitate to write 
us about your problems. We will endeavor to 
be of every possible assistance. 





Meters, and Gauges 
for the accurate 


Manometers, 





measurement of Pressures, Vacuums and Flows of Liquids and Gases 
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Wiry PRESENT INCREASED PRODUCTION WE Cay. 
10U/05. 


NNING SHORT OF VALUABLE 1 


HAZARD RU 
THAT'S WHY WE CHECK WITH 


LIQUIDOMETER_TANK GAvGe 
: hay Mways Dependable” S 


Today production 
must goon! Valu- 
able liquid short- 
ages due to over- 
sight are inexcus- 
able! 

LIQUIDOMETER Tank 
Gauges assure ac- 
curate, trouble- 
free readings or 
recordings at all 
times! 

100% automatic—these gauges insure 
accurate readings at all times. No pumps, 
valves, or auxiliary units required to read 
them. Models available so that readings 
can be taken remotely from or directly 
at the tank. Remote reading types utilize 
balanced hydraulic transmission system Models available to 
which completely compensates for tem- automatically con- 
perature variations on communicating trol pumps, motors, 
tubing. Accuracy unaffected by specific signals or other de- 
gravity of tank liquid. vices for maintaining 

Approved for gauging hazardousliquids cent uid ke — 
by Underwriters’ Laboratories and other titania 
similar groups. 


Write for complete details 


THE LIQUIDOM ETER corp. 


36-27 SKILLMAN AVE. LONG ISLAND CITY, N. Y. 





Non-Ferrous Foundrymen Will Agree 
A RELIABLE PYROMETER 
IS INDISPENSABLE! 


For sound non-ferrous castings 
... and for lower costs... you 
must have a reliable pyrom- 
eter... one that gives accu- 
rate readings yet one that 
will stand up under hard 
usage on the pouring 
floor and in the fur- 
nace room. The 
Alnor’ Pyro- 
Lance is the 
answer. 

































SHOCK 
RESISTING 
MOVEMENT 


is a feature of the ‘'Alnor 
Pyro-Lance. Two portable styles 
available, both have rugged, 
shock-resisting features and 
high accuracy that enables you to 
cast at lowest cost by reducing 
scrap losses, cutting fuel bills, im 
proving castings and speeding pro- 
duction. Type 298! illustrated in self-con 
tained and uses the enclosed couple, gets 
true metal temperatures BELOW THE 
SURFACE, unaffected by dross and lasts 
longer than bare-wire styles. 





In this time of national emergency Alnoi 
pyrometers quite naturally go first to jobs of 
defense. However, customers unable to fur 
nish priority certificates will be taken care of 
to the best of our ability. Quite possibly 
there is a problem confronting you that our 
engineers can help solve—with or without need 
of new equipment. We will consider it a 
privilege to help work out your pyrometric 
problems, even though no new equipment is 
involved. 


OY/EEE lesting A obvtiahivans ber 











142 West IMubbard Street Chicago, Ilineix 


INSTRUMENTS 
Page 54—Vol. 15 





of a permanent magnet (not shown in the figure) w_ ie} 
results in damping of the fluctuations of the moving elen nt 
Induction Type 

The construction of the induction type voltmeter is 
lar to that of the induction type ammeter, except for th 
higher resistance coils and the use of the resistor. See th; 
section on Induction Type Ammeter earlier in this cha 
Inspe ction and Test 

An outline of the overall test given an electrodyn 
voltmeter follows. 

With the instrument in the horizontal position face wy 
set the pointer on zero and balance in three vertical } 
tions as shown in Fig. 5, 6 and 7 of Chapter I. Then 
nect the instrument and resistor to a circuit in which th 
voltage can be varied; adjust full scale by changing th. 
resistance of the internal or external resistor, or by th: 
spring method as outlined under ammeters; next, check the 
angular half scale point by applying approximately tw 
thirds of full-scale point as a check on scale distribution. If 
the scale distribution is wrong, shift the coils with respect 
to the pointer in order to correct. A pointer position adjust 
ment is generally provided in the pointer support. After 
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Fig. 36. Schematic diagram of repulsion type instrument mech- 
anism. 


giving the instrument a good mechanical inspection (as will 
be outlined in the next paragraph) all points on the scale 
should be checked with a suitable standard instrument of 
known accuracy connected in parallel with the instrument 
under test. It may be necessary to replace the scale entirely 
with an unmarked or blank scale, and then apply new scale 
markings in the manner to be explained in a succeeding 
chapter. 

All instruments should be carefully checked for friction, 
end play and balance. Examine the springs and see tha 
convolutions do not touch one another. See that the pointe! 
passes ends of scale before hitting the bumpers or pointe! 
stops. 

See that all connections are properly adjusted, well s 
dered and of good appearance. Screws and nuts should 
tried to see that they are secure. The instrument should b 
cleaned and free of loose materials that sometimes beco! 
lodged in a case. 

Ground test—Apply 1500 volts between terminals a 
case for one minute for standard 150-volt instruments, 
less manufacturer’s information specifies otherwise. Instru 
ment of higher voltage should be ground tested by following 
the A.I.E.E. rule of 1000 volts plus twice the capacity of 
the instrument. 

The large repulsion type voltmeters can be calibrated 
either changing the series resistance or by adjusting t 
control spring. The test of this type instrument other th 
just pointed out is similar to that of the electrodynan 
type. The small repulsion type, such as shown in Fig. 24, 











Se eae ee 


me 2 hs, 
seo ih ay ae, 








pa tags 


i 


PROGR RRS 


SG 


ee 


2 GNA Hi il ese RE. 


ERLE IIS PIA TANTS ABB 8 tas 0 





usted by turning the iron rod that is mounted on a cam 
ch projects through the bottom of the element frame. By 
anging the position of the rod we alter a distance between 
stationary and moving iron and hence affect the torque 
the instrument. After the adjustment of the spring on 
e large type, the zero setting is obtained by shifting the 
all lever that acts as the anchor for the inside convolu- 
. of the spring. 
[he same inspection is given this type instrument as is 
en the electrodynamic type. Ground test voltages as out- 
ed in A.I.E.E. rules also apply to this instrument. 
Internal connections of the repulsion vane type voltmeter 
e shown in Fig. 36. 
[he calibration adjustments of the induction type volt- 
ter are made by changing the external resistor or by 
anging the spring strength. For inspection specifications 
explanation under induction type ammeters. 
The internal connections of the induction type voltmeter 
similar to those of the induction type ammeter. 
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As shown in Figs. 37 and 38, the voltmeter and the series 
resistor are either connected directly across the line for 
lower voltages or through a transformer for higher voltages. 

The following are a few of the items that may affect cali- 
bration accuracy of an instrument. 

Repulsion type instruments are affected by both a-c. and 
d-c. fields if not heavily shielded. Lead-in wires to high- 
current ammeters should be run straight down from the 
instrument before making bends. See Fig. 39. Instruments 
should not be mounted on steel panels unless calibrated for 
use in this manner. That is, if an unshielded instrument is 
to be used on %” steel panel, its accuracy will be reduced 
if it is not calibrated on a steel panel of the same thickness. 
The thickness of panel is important to the calibration. 

This type of instrument may be used on d-c. circuits but, 
for greatest accuracy, reverse readings should be taken and 
iveraged. The range of frequency on which these instru 
nents may be used is usually specified by the manufacturer. 


Most repulsion type instruments are accurate on frequen- 


es between 15 and 125 cycles. Below or above these fre- 
lencies the accuracy of the instrument may be reduced. 
\mmeters of this type are practically free of temperature 

ors between 15 and 35°C. (60 and 95°F.). 
Moisture in the instrument could 
isting of the various parts of the element, impairing the 
‘curacy of the instrument and reducing 
Ss can be avoided by keeping the instrument tightly 


cause corrosion and 


ered and the dust- or moisture-proofing parts well intact. 


th changes of temperature, the coils have a heating ac 


ry 


thin the instrument drawing the outside air into the in- 


its useful life. 


which causes expansion and contraction of the air 
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With the speed 
of the wind! 


Thirty-five stories above Chicago's 
Michigan Boulevard, atop famed 
Tribune Tower 
measuring instruments (Bendix- 
built) respond to gale or zephyr. 
In the lobby, 456 feet below, one 
may read the precise current 
velocity and direction of the wind g 
and an anemographic record 
of all its recent vagaries 


Via BENDIX-CORY 


AUTOSYN 


Remote Signaling Units 


sensitive wind 


A pair of Bendix-Cory Auto- 
syns do the trick, wired in 
simple circuit (see diagram) 
between each instrument and 
its remotely-located dial. They 
aren’'tcostly. They aren't delicate. 
They aren't complicated. 
Autosyns will transmit almost 
any kind of reading—pressure, 
current load, r.p.m., position, 
rate-of-flow, count, dimension 
liquid level. In large aircraft they 
bring the functioning of engines 
and control elements under the 
eye of the pilot. In industrial 
plants they bring required dial 
readings to any central point. 
Made in several sizes and types, 
accurate within 1° + or 
(4 or — on special order). 
Write for details. (It will be help- 
ful if you give some data as to 
your special problems.) 


BENDIX AVIATION CORP. 
MARINE DIVISION \ 


754 Lexington Ave 
Brooklyn, N. Y 





INSTR 


February 






ee f 

































» 


AUTOSYN MOTOR 


® 




















M 
1942 

















THE EPPLEY 
STANDARD 
CELL 








When you purchase 
a potentiometric in- 
strument—make sure 
it contains an Eppley 
Standard Cell ... 
for Eppley assures you 
the highest return in 
service that is consist- 
ently efficient and 
reliable. 

The best possible testimonial to this fact is 
twenty years acceptance by the most widely known 
American manufacturers. 











THE EPPLEY LABORATORY, INC. 
Scientific Srnitiaments 


NEWPORT RHODE ISLAND 











PRECISION 
OPTICAL MACHINERY 


AUTOMATIC POLISHING SPINDLES 





CERAMIC CUT-OFF SAWS 


For Ceramics, Synthetics or Metals 


OPTICAL GRINDING MACHINES 
SPECIAL OPTICAL MACHINERY 





BAILY VIBRATOR CO. 


1539 WOOD STREET PHILADELPHIA, PA. 
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strument. If the outside air has a high moisture co) 
and the case is not moisture-proof, the air that ente 
instrument will deposit its moisture on the metal p> rts 

Cleaning the case of an instrument is a good hab: + 
form, but can cause calibration errors if the glass is rul ded 
with a cloth and not grounded afterwards. If the gla 
rubbed severely, it may take on a static charge that vj 
affect the deflection of the pointer at zero or up scale. Ofi¢ 
times we reset zero due to a static charge on the glass, heng 
we introduce errors throughout the scale. To eliminate 
fault, neutralize the static condition by touching the gags 
with your fingers after rubbing. 

Electrodynamic type instruments are affected by externa 
fields of the same frequency, hence they should be shielded 
for best results. They have a much higher frequency rang: 
than the repulsion type instrument, usually within guaran- 
teed accuracy on frequencies up to 500 cycles. On d-c. cir- 
cuits, however, best results are obtained by taking revers 
readings and averaging the same. Most electrodynamic in 
struments are enclosed in iron or steel cases and therefore 
are not subjected to steel panel mounting effects. The moy 
ing-coil type instrument is more delicate than the other 
types and should be handled and used more carefully. 

Possible Defects in electrical instruments may be listed 
under two major headings, namely, mechanical errors and 
electrical errors. For simplicity and convenience of explana- 
tion, the two major division may each be further sub-divided 
into two secondary headings: Instruments Failing to Oper. 
ate and Instruments Operating Inaccurately. Mechanica 
errors are mentioned first because they are the cause of 
the majority of instrument troubles. 


Let us analyze a few of the mechanical causes of errors 
and the effects they produce. Probably the first item that 
comes to the mind of an instrument man is F'riction—and 
rightly so, because friction probably causes more instrument 
troubles than any other single factor. When an instrument 
is found to have friction the first thing the repair mar 
should do is to check all visible moving parts for sufficient 
clearance. A few of the most common faults in this cata 
gory are: 

spring convolutions touching, 

pointer rubbing on dial, 

springs touching adjacent parts. 

balance arms touching stationary coils, 

lint on coils causing drag on moving coil, and 

Springs loose on shaft or holders give the appearance 
friction when tapping the instrument as the pointer takes 
a new set when the spring slips. A check of end play wi 
indicate whether the friction is caused by insufficient end 
to-end motion of the shaft (tightness of pivots in jewels) 

Loose end play may also cause variations in readings 
and shifting of element balance. 

Other points to examine in analyzing friction troubles ar 

damping vane clearance, 

dirt in damping chamber, 

pivots (broken, flat or distorted) and 

cracked or dirty jewels. 

Loose pointer on shaft, pivots loose in shaft and jewels 
loose in jewel screws are also points to be checked to asce! 
tain the cause of friction. 

Other mechanical points to check when inaccuracies exist 
in an instrument are: 

balance, 

spring set, 

zero shift, 

pointer bent, 

moving coil distorted, 

element or dial shift, and 

pointer too far away from dial causing parallax err 

Electrical errors found in instruments are, first, tl 
that cause the instrument to indicate inaccurately a1 
second, those that produce total failure of indication. Un 
the first heading we have poor connection (mechanical 
solder) that cause resistance changes in the circuit. Grou 
and partial shorts tend to decrease the field strength of t 


coils by changing the effective ampere-turns of the co 
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n shunt circuits not only cause the instrument to read 

oh, but also causes the element coils to take the full load 
d may effect a burn out. Wrong connections, either in- 
‘nal as in all electrodynamic type instruments or external 
in wattmeters, may cause the instrument to read back- 
rd, partly forward or no reading at all. To correct this 
ndition see explanation under connections of each of the 
ee named instruments. 

Abnormal temperatures, external fields, shorted resistors, 

ee] panel influence and static effects on glass cover are 

her items that cause inaccurate indications of the in- 
trument. 

Instruments of the repulsion type are usually calibrated 

d applied to circuits of frequencies not higher than 150 

cles. Electrodynamic type instruments are usually applied 

) circuits of frequencies not greater than 500 cycles. If 
ese instruments are calibrated on 60 cycles it will be 
und that their calibration is affected when applied to 
ircuits having higher frequencies than these limits. 

When repairing or handling an element of the repulsion 
vane type, care should be exercised not to bend the iron 

ane, as it tends to destroy the anealing of the iron and 
introduce residual magnetism in the vane. 

Loose terminal connections results in variable readings, 
especially in the wattmeter, and may give the appearance 
f being friction as the indication of the pointer may change 
slightly when the instrument is tapped. 

Instruments Failing to Operate-——The electrical cause 
may be an open coil or series resistor; there may be ex 
ternal circuit or the element may be completely shorted. 

In checking or calibrating instruments having metal cases, 
be sure to check with the cover on the instrument as the 
cover affects the calibration slightly. 

If non-shielded instruments are suspected of being within 
in effective external magnetic field, a definite point of indi 
cation should be observed and the instrument position 
changed several times to note any change of reading. 

The chart, Fig. 8 of this chapter, shows the uses to 
which the electrodynamic type instruments may be put; 
the accessories used with the different classes of instru- 
ments; and the frequency range over which each kind of 
measurement may be made with desirable results. 

A few points to be checked to guard against errors of 
bservation are: pointer high above scale, short pointer, 
pointer tip bent, angle of observation, glare due to illumi- 

nation, poor lighting and shadows. Some of the measures 
taken by instrument manufacturers to prevent such errors 
are: mirrors under pointer; indirect lighting; antiparallax 
scale and pointer; and non-glare glass. 

As regards pointer length, a good gage for the target 
type would be to have the tip terminate within one-quarter 
to three-quarters of the distance between the scale divisions. 
\lways try where possible to eye the pointer from directly 
behind it to avoid parallax errors. 


New High-power Testing Facilities* 
Sip $ 7 
HOWN in the photograph [front cover] is the central 
control desk of the new high-power laboratory at the 
Westinghouse East Pittsburgh works. In this testing sta- 
nm, facilities are now available for testing short circuits 
f 2,000,000 kva. In addition, the previous current limit of 
«U0 amperes on a 132-kv. three-phase circuit has been ex- 
led to 7500 amperes. Test voltages have been raised 
om 230 kv. to 345 kv. three-phase and from 264 to 396 kv. 
gle-phase with mid-point grounded, thus amply exceeding 
esent transmission voltages. 
The laboratory is in effect a power station delivering a 
rt circuit output comparable with that on large power 
stems. Unlike a large public utility, however, the labora- 
carries no continuous load and a short circuit is a 
nal instead of an abnormal condition. The flexibility of 


bstract of portions of “High-capacity Circuit Breaker Station” 
6b. MacNeill and W. B. Batten, presented at winter conver 
{ American Institute of Electrical Engineers, New York 


January 26, 1942 








OVER 500 JOBBERS 
CARRY IRC RESISTORS IN STOCK 


In addition to the many obvious advantages of 
dealing with a primary source of supply capable 
of supplying practically any fixed or variable 
resistor type, IRC users have the added advantage 
of being able to obtain many standard types direct 
from stocks maintained by about 500 jobbers 
throughout the U. S. and Canada. We will gladly 
send you the names of IRC jobbers in your locality. 


WRITE FOR CATALOG 
State general type of resistor, controls, potentiom- 
eters, rheostats, etc. in which 
you are interested. 


INTERNATIONAL RESISTANCE CO. 


417 North Broad St. Philadelphia, Pa. 
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cA nnouncing 


New 


Sub-Zero 
COLD 
TREATER 


+« Photograph shows 
COLD TREATER with 
copper cups for Duralu- 
minum rivets widely used 
in airplane plants. Avail- 
able with any specialized 
types of containers, racks 
or shelves contingent on 
availability and priorities. 


SAVE TIME— Designed for every industry requiring temperatures 
: 1 I 


down to —35° F. For laboratory research, testing, processing, aging, manu- 


facturing and assembly. Used in airplane, chemical, rubber, machinery 


instrument and other industries 
WHAT IT IS 


trouble-free, sealed unit ready to plug in and use. Available with standard 





Jewett Cold Treaters are equipped with self-contained 
control to maintain temperatures from +5 ° F. down to —10° F. Special 
control gives temperatures from -+-20° F. to —35° | 

3 and 6 cu. ft. capacities. Large single lid gives complete access. Casters 
optional. Limited quantity for immediate delivery...low prices...write giving 


desired size and use. Any types for specialized use built to specifications 


THE JEWETT REFRIGERATOR CO., INC. 
Established 1849 
226 Letchworth St., Buffalo, N. Y. 











Thermoswitches In Action 
On America’s Defense Front 


Fire protection and detection, control of 
heating systems, oil pre-heating, tempera 
ture control of food containers . . . These 






are just a few of the ways the Fenwal 
Thermoswitch is serving America’s defense 





industries. Rugged, compact, dependable *"Ailable 2 —_ 
yet precise, this Thermo-responsive electric and f 5 Amp 
switch may be the answer to your heat °r Catal 
contro! problem 

rah 


6 MAIN STREET 
ASHLANDwMASSACHUSETTS 
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the station permits duplicating many voltages and curr: its 

corresponding to different services, classes, and rati) os 

Accurate control of service conditions and complete rec 

of performance produce experimental data which, we 

properly used, result in new designs of proven performa: « 
The laboratory is used to test many new developments 

at a wide range of voltages. Because of War Effort ne 


the facilities are now determining interrupting ability of 


circuit breakers, resistance of porcelain insulators to px 
areas, performance of lightning arresters, power transf 
ers, reactors, bus bars, high voltage capacitors, ete. du 
short circuit conditions. 

Operation of the facilities is controlled from the cer 
control desk separately housed about 500 feet from th. 
generator sets and transformers. The desk contains th 
necessary indicating instruments, protective relays, annun 
ciators, and test jacks for checking all measuring and con 
trol circuits. The arrangement is such that a single operato) 
can completely observe every test. An oscillograph records 
simultaneously voltages, amperes, are energy, trip coil cur 
rent, breaker travel and pressures generated in the break« 
tank. 

A sequence drum controls the actual test operations o1 
the voltage and current limiting reactors have been set 
the desired valves. Since two sequence drums as well as 
two oscillographs are available it is possible to quickly 
shift from one setup to another without changing th 
measuring and control currents. 


oo 


A New Mercury Rheostatic Method 


(Continued from Page 46) 


that the power amplification, or ratio of output to input, 
100,000. By adjusting the calibrating spring to give a less 
perfect matching between negative and positive stiffnesses, 
different amounts of droop can be obtained as shown by the 
curves in Fig. 3. The linearity of the output current can hb: 
conveniently adjusted by grading the external resistors co! 
nected between contacts. 

The effect of changes in temperature and atmosphe 
pressure upon the Mercurystat depends upon design pro 
portions and how it is applied in a regulating system. Fo 
example, if the Mercurystat is used in a system where thi 
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ulator has a 1% droop and changes in temperature and 

nospherie pressure are such as to cause the Mercurystat 

istance to change, say, 10%, the regulator would correct 

- this change with a resulting error of 0.1%. If desired, 
small errors introduced by changes in atmospheric pres- 
e may be completely eliminated by the use of a second 

led bellows attached to. the driving arm. 

lemperature errors can be kept low by proper design so 

it in any given application the effect of changes in tem- 
ature is usually negligible. 

\pplications for a controller of this type will be appar- 
to those familiar with regulating systems and need 
he discussed here. Devices of this type have been clas- 

ied by M. F. Behar as “prime relays” and their charac- 

istics and applications have been described in a previous 
iblieation.* Several typical applications of the Mercurystat 

e given in a recent paper.* 


Classification and Characteristics of Prime Relays,” M. F 

r, Instruments, Vol. 13, 1940, pages 364-69. 

4 New Mercury Rheostatic Element for Regulation and Con- 
| K. A. Oplinger, A.IJ.E.E. Transactions, Vol. 60, 1941, pages 
6-49 


Simple Pressure Regulators 
(Continued from Page 45) 


jone by impressing a false lower pressure on the main dia- 
phragm than actually exists in the outlet chamber, using a 
venturi effect on the pressure tap. 

If P, is controlled externally to bring Po to the proper 
value at all times by means of another regulator, the other 
regulator is called a “pilot” regulator. The valve in the 
pilot regulator controls P. on the main regulator but does 
not control any pressure on its own diaphragms. The outlet 
pressure from the main regulator is led to the pilot dia- 
phragh as shown in Fig. 9. The main regulator has little to 
lo with the accuracy of the control, as the pilot regulator 
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Fig .9 


furnishes the “brains.” Since the actual flow through the 
pilot valve may be extremely small, the valve is small and 
operates in a narrow range about an average balancing 
position, whereas a main regulator must have a large valve 
for sufficient capacity as previously discussed. 

Pilot control is more subject to hunting than single regu- 
‘ators because two mechanisms must come to balance at the 
ame time or one will move the other out of balance.* The 

lot regulator is often built into the main regulator body. 
Instead of the pilot valve receiving pressure from the same 

urce as the main regulator, it may have a more powerful 
dependent source of pressure which operates a piston in- 
tead of a diaphragm. These controls are “dead” accurate 

d expensive, but it is not within the scope of this article 

discuss them. 


DITOR’S NOTE—This is not the only cause of hunting. Even the 
est direct-connected regulators may hunt or “chatter.” Pres- 
wave resonance oscillations are found in practically all simple 
ire-responsive devices and under certain conditions a simple 
itor such as a safety valve may be likened to the reed of a 
et or oboe.—MFB 
























CONTROLS ww MESS DUTY’ 


Many of the potato peeling machines used by both Army and 
Navy are equipped with Ward Leonard Motor Starters. Our 
long experience in designing and building electric controls, 
through the intensive electrification period of industry, admir- 
ably fits us for the present emergency. We know how to meet 
special control requirements and how to produce in quantity to 
government standards. 


WARD LEONARD 


RELAYS + RESISTORS + RHEOSTATS 


Electric control (WL) devices since 1892. 


WARD LEONARD ELECTRIC COMPANY, 38 SOUTH ST., MOUNT VERNON, N. Y 
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AUTOMATIC VOLTAGE REGULATORS 
95-130 Volt Inputs ... 110, 115, 
120 Volts Output + 1% 


The UTC Automatic 
Voltage Regulator is 
new. It involves no 
moving parts and ef- 
| fects instantaneous 
correction for either 
transient or chronic 4 
line voltage fluctua- 
tions. This unit has 
innumerable appli- 
cations in broadcast 
apparatus, labora- 
tory equipment, etc. 
Available in 15, 30, 
60, 120, 250, 500, 1000 
and 2000 VA stock 
sizes. Write for Bul- 
letin PS-404, 


CONSTANT VOLTAGE 


For Your Laboratory, Your 
Product, or Your Production Line 








* Accuracy 1% %* Independent of Load * No Moving Parts 
* High Power Factor * High Efficiency * Low Distortion 
* Negligible Time Constant * Low Temperature Rise 


JAA RANERORMERGLON 


15 VARICK STRE 





FOR USE WITH 
ALL TYPES OF 


CONTROL 
INSTRUMENTS 
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@ These powerful, compact Control 
Motors can be used for many posi- 
tioning purposes where a reliable 
motor drive is needed. All motors are 
completely oil-submerged for quiet- 
ness and long life. Available in 
fixed or adjustable speed, unidirec- 
tional or reversing models. For 115 
or 230 V. A.C. Very small control 
current required on reversible motors. 
Write for information and prices. 








CONTROL MOTORS 


Can be operated by any 
standard control in- 
strument to regulate 
positioning of... 


BUTTERFLY VALVES 
RATIO VALVES 
DAMPERS 
RHEOSTATS 
VARIABLE-SPEED 
TRANSMISSIONS 
MULTI-POINT 
SWITCHES, ETC. 





BARBER-COLMAN COMPANY 
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Special Scales for Stockroom Control 


(Continued from Page 47) 





ing and counting scale. This machine is designed for loads 
up to approximately 500 lbs. An accurate count is facilitated 
both by the sensitivity of the scale, and the single-spot in 
which the operator can concentrate his attention in reading 
the scale. 

While these control devices are located in the plant, the 
basic facts that they originate enter directly into accounting 
records. Invoices are paid, bills rendered, wages computed, 
stock and inventory kept on the basis of the information 
provided by the scale. 


Instrumentation Course at Pitt 
UNIVERSITY OF PITTSBURGH 
January 26, 1942 
PROCESS CONTROL INSTRUMENTATION 

COURSE in Process Control Instrumentation under the 

auspices of the Engineering Defense Training scheme 

is to be given in the Department of Chemical Engineering 

at the University of Pittsburgh. The course will begin dur- 

ing the week of February 23, at a date to be announced 

later. Registration will be held in the gymnasium of the 

Carnegie Institute of Technology February 18-21, Wednes- 

day to Saturday inclusive. Those desiring further informa- 

tion may call Professor James Coull, Department of Chem- 
ical Engineering, 201 State Hall. 

The course is designed for men in industry who have had 
experience in the use of automatic and control instruments. 
They will be given an understanding of the basic principles 
underlying the performance of control instruments in proc- 
ess industries. The lecture material will include the Theory 
of Automatic Control, covering Proportional and Propor- 
tional Plus Floating Mechanisms for Electrically and 
Pneumatically Operated Units; Temperature Instruments, 
comprising Expansion, Radiation, Color, Resistance and 
Thermocouple Type Elements; Pressure Instruments com- 
prising Helix, Bourdon, Spiral, and Hydron Elements; Level 
Instruments comprising Float and Differential Operated 
Elements; Voltage Measuring Circuits comprising Wheat- 
stone Bridge and Electronic Principles of Measurement 
etc. ; 

The lectures will be given by Mr. J. A. Pellettere, B.S., 
of the Engineering Division of Gulf Oil Corporation. 
Engineering, Science, Management and 

Defense Training Publicity 
1-26-42 






















